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LETTER OF TRANSMITTAL.

Princeton College,

Princeton, N. J., December 22, 18S3.

SiE : I biive tbe honor to transmit to you, tbrongh tbe bands of Professor Cofflu, the report

of tbe committee of tbe Academy, to wliicb was intrusted tbe arrangements for securing obser-

vations of tlie eclipse of May, 1883. It contains tbe reports and observations of Professor Holden
and bis associates in tbe expedition, and 1 Jiave, in compliance witb a request of tbe comnnttee.

prefixed a brief introduction, giving an account of tbe proceedings of tbe committee and of the

organization of tbe party.

Very truly yours,

C. A. YOUNG, Chairman.

Prof. O. C. Marsh,

President of the National Academy of Sciences.
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SOLAR ECLIPSE, MAY 6, 1883

INTRODUCTION

By ri;or. ('. A. Youxo.

The unusual duration of the total eclipse of May, 1883, early attracted the attention of astron-

omers; but an examination of its track showed that it would not be visible at any well-known or

easily accessible stations, and no preparations were therefore made to secure observations. In May,

1882, Mr. Ohaeles H. Eockwell, of Tarrytown, N. Y., while in the Sandwich Islands for the

purpose of observing the trausit of Mercury, learned that there are two small islands lying almost

exactly on the central line of the eclipse, and he determined to endeavor to have an eclipse expe-

dition organized from the United States. He presented the matter before the Montreal meeting

of the A. A. A. S. in August, but various circumstances prevented any definite action of that body.

In November, 1882, the writer, at Mr. Rockwell's suggestion, brought the subject before the

National Academy of Sciences at their New York meeting, and a committee was appointed, con-

sisting of Messrs. Coffin, H. Drapeu, A. Hall, Hilgard, Newcomb, and H. A. Neavton, with

the writer as chairman, to commend the project of an eclipse expedition to some suitably situated

island in the Pacific, " to persons interested in the advancement of science, and^ to the Navy De-

partment of the United States for such aid and facilities as can be best afforded." Subsequently,

on the death of Dr. Draper, Professor Langley was appointed in his place, and Mr. C. S. Peirce
was added to the committee. Mr. Kockavell also, though not a member of the Academy, was

invited to join the committee, as having been the real originator of the project. Mr. Coffin was

chosen secretary, and to his energy and wise and skillful management our success in organizing

and sending out the expedition is due.

It was at first proposed to raise the necessary funds for tlie expt^ditiou by private subscription,

and Mr. Eockwell was put in charge of the matter. His own illness, the lamented death of Dr.

Draper, and other untoward circumstances combined, however, to prevent his success, and on

January 24 he reported that this plan must be abandoned. It was at once decided to apply to tlie

Government. Early in February the committee presented the matter to the honorable Secretary ot

the Navy, representing that the Department could greatly aid tlie undertaking by detailing a ship

of the Pacific squadron for the transportation of the party, and by giving the use of certain astro-

nomical instruments under its control. The application met with a prompt and favorable response.

A meeting of the committee was lield in Washington on February 15, at which plans for the

expedition were discussed and settled, and the chairman and secretary were directed to address

further communications to the Secretary of the Navy to arrange plans of operation to secure the

.services of suitable observers, to prepare necessary instructions, and, in short, to do wliatever was
11
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needful and in tlieir power to secure the object desired. Prof. E. S. Holden, director of the

Washburn Observatory, Madison, Wisconsin, was selected as chief of the party and its scientific

director, and Mr. Kockwell as the disbursing and business agent.

A memorial was presented to Congress asking for an appropriation of $5,000 to defray the neces-

sary e.\i)enses of the party. This api)lication was heartily indorsed and supported by *he honorable

Secretary of the Navy and by all the members of Congress who are interested in scientific matters;

and the grant was obtained without any serious oppo.«ition. This appropriation, however, though

practically secured, was not available in season for the departure of the expedition, and, to meet

the diflSculty, the trustees of the Bache fund of the National Academy advanced $3,500, to be re-

paid from the Congressional appropriation.

Subsequently the Academy itself, on the recommendation of the trustees, authorized an appro-

priation of $500 from the income of the Watson fund for observations of this eclipse.

The party left New York on March 2, in the Pacific Mail steamer bound for Callao via Panama.

At Callao they found the U. S. S. Hartford in readiness, and sailed at once for Caroline Island,

arriving there on April 21. At Panama, in accordance with certain arrangements which had

been made by cable between the Solar Physics Committee of the British Eoyal Society and

our own committee, they were joined by Messrs. Lawrance and Woods, who were especially

charged by the British committee with photogiaphic observations. A French expedition, under

Mr. Janssen, also came to Caroline Island a few days after the arrival of our own party.

The history of the expedition and an account of the work accomplished are fully given in the

following reports of Professor Holden and his associates.

We are under great obligations to all these gentlemen, Professor Holden, Professor Hastings,

of Baltimore, Mr. Eockwell (who, in addition to scientific work, had charge of the disbursements

and business matters of the expedition). Ensign (now Professor) S. J. Brown, U .S. N., Mr. E. D.

Preston, of the United States Coast and Geodetic Survey, and Mr. W. Upton, of the Signal Serv

ice. United States Army, for the zeal and intelligence with which each accomplished the work

assigned him ; also to the institutions with which they were severally connected for granting to

these observers prolonged leave of absence, and, except in the case of Mr. Upton, continuing their

salaries without diminution.

Our acknowledgments are specially due to Hon. W. E. Chandler, Secretary of the Navy, foi'

continual interest and effective aid, without which we should have been unable to accomplish any-

thing; also to the Superintendent of the United States Naval Observatory for the loan of instru-

ments ; to the Superintendent of the United States Coast and Geodetic Survey, and to Commodore

J. G. Walker, Chief of the Bureau of Navigation. Applications to the Secretaries of State and of

the Treasury for certain assistance from their Departments were cordially and promptly granted,

and we take the opportunity to express our thanks.

The tribute paid by Professor Holden, in his report, to Captain C. C. Carpenter, command-

ing the Hartford, and to his officers and crew, is cordially indorsed, as well as his api^reciatiou of

the services of those ofiBcers who took part in the observations of the eclipse.

The committee held a final meeting in Washington on October 23. The reports of Professor

Holden and his associates (excepting .Professor Hastings) were presented, discussed, and put

in proper form for presentation to the Academy at its November meeting in New Haven.

The chairman was requested to prepare ati introduction to the reports, and it is in obedience to

this request that the preceding pages have been prepai-ed. It would be improper to tiiil to state

that the writer is indebted to the secretary, Mr. Coffin, for nearly all the substance and niuch of

the form of what he has written.
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The reports of Professor Holden and his associates speak for themselves, aud will certainly

be fouud valuable aud interesting. The question of an intra-Mercurial planet would appear to be

definitely settled in the negative by Professor Holden's work. Professor Hastings's observa-

tions, and his discussion of them, unquestionably open (if they do not also close) an important and

interesting inquiry as to the correctness of certain generally received views as to the nature of the

corona. The observations of Mr. Upton are extremely valuable, and the same is true of nearly

all the others, throwing new light, as they do, not only upon the strictly astronomical problems of

the eclipse, but upon the meteorology and natural history of a comparatively unknown region.

Peinceton, December, 1883.





OF tHE

OPERATIONS OF AMERICAN EXPEDITION TO OBSERVE THE TOTAL
ECLIPSE, 188;i, MAY 6, AT CAROLINE ISLAND, SOUTH PACIFIC OCEAN.

To Prof. C. A. Young,

Chairman of the Eclipse Committee of the National Academy of Sciences :

My Dear Professor Young : It gives me great pleasure to address to you my report of the

Total Solar Eclipse of May 6, 1883, together with the reports of the other members of the Ameri-

can expedition and with a memorandum from the chief of the English photographic party which

accompanied us. We had all hoped and expected to have you for our director in this expedition,

and you will allow me to express my regret that unforeseen circumstauces prevented this.

My first official connection with the expedition dates from my reception of the following letter

of instructions, under which I acted:

Washington, D. C, February 28, 1883.
Prof. E. S. HOLDEN :

Dear Sir : The Committee of the National Academy of Sciences on the Solar Eclipse of May

6, 1883, has selected you as the Chief and Scientific Director of the party organized under its direc-

tion for observations of the various ijuenomena on that occasion ; to prescribe and arrange the

work of each member, except so far as it may have been laid down by the committee in special

instructions to any one, or may have been assigned to the representative of the United States

Coast and Geodetic Survey. The names of the party and the letter of instructions to each have

been communicated to you. This leaves the eclipse work iu your hands, but the committee desires

that every facility which can be obtained, be afforded Mr. Preston for his gravity determinations.

As for your own special work, the search for intra-mercurial jjlanets, the programme sketched

ERRATA.

Page Hi, line 11.—The stateiiieut in liuo 11 is derived fruiii a letter of Mr. Arundell, and is uudoubtedly correct.

The fifty or cue hundred people spoken of on pajje il, line 25, were probably imported workmen.

Page "24, Pig. 6.—By an error, which was discovered too late to be corrected, the shadow.s of the foliage in Fig. 6

are those of a northern forest. They should be fir less marked and regnlar, and the trunks of the trees should all be

brilliantly lighted. With thi.s exception, the cut shows the character of the growth admirably.

Page :U, line '> fw)m bottom.

—

For "27AS read 'iTSit.

Page 33, line 10 from bottom.

—

For di.scordancies raiil discordances.

Page 43, title of cut.

—

For Fig. 15 read Fig. 13.

Page .50, title of cut.—For Fig. 16 read Fig. 14.

Page .57, title of cut.

—

For Fig. 17 read Fig. 15.

Page 58, title of cut.—For Fig. 1« read Fig. Ifi.

Page 67, title of cut.— for Fig. 10 rend Fig. 17.

Page 80, title of cut.—For Fig. 13 read Fig. 18.

Page 86, title of cut.—For Fig. 14 read Fig. 19.

Page 113, line 11.

—

For Jasskx read Jansskn.





OF THE

OPERATIOiXS OF AMERICAN EXPEDITION TO OBSERVE THE TOTAL
ECLIPSE, 1883, MAY G, AT CAROLINE ISLAND, SOUTH PACIFIC OCEAN.

To Prof. C. A. YotTNft,

Chairman of the Eclipse Committee of the National Academy of Sciences

:

My Dear Professor Yoxjnct: It gives me great pleasure to address to you my report of the

Total Solar Eclipse of May 6, 1883, together with the reports of the other members of the Ameri-

can expedition and with a memorandum from the chief of the English photographic party which

accompanied us. We had all hoped and expected to have you for our director in this expedition,

and you will allow me to express my regret that unforeseen circumstances prevented this.

My first official connection with the expedition dates from my reception of the following letter

of instructions, under which I acted:

Washington, D. C, February 28, 1883.

Prof. E. S. HOLDEN :

Dear Sir : The Committee of the National Academy of Sciences on the Solar Eclipse of May

6, 1883, has selected you as the Chief and Scientific Director of the partj' organized under its direc-

tion for observations of the various phenomena on that occasion; to prescribe and arrange the

work of each member, except so far as it may have been laid down by the committee in special

instructions to any one, or may have been assigned to the representative of the United States

Coast and Geodetic Survey. The names ot the party and the letter of instructions to each have

been communicated to you. This leaves the eclipse work in your hands, but the committee desires

that every facility which can be obtained, be afforded Mr. Preston for his gravity determinations.

As for your own special work, the search for intra-mercurial planets, the programme sketched

in your letter to me of February 6, marks out distinctly what you should aim at accomplishing.

I send you letters to Admiral Hughes, commanding United States naval forces, Callao, and

to Captains Carpenter and Ftffe, commanding U. S. S. Hartford and Fensacola, one of

which will be detailed to convey the party to their destination. They are communicated for your

information. Mr. Rockwell will act under your direction as to the expenditure of funds, and it

is desirable to have your certificate to his vouchers after your leaving New York.

It is expected that you leave New York in the Pacific Mail steamer of March 2, for Panama

and Callao. On arrival at the latter place please report to Admiral Hughes for conveyance to

Caroline Island, as indicated in directions given him by the Navy Department.

I wish you a pleasant voyage and full success in the enterprise intrusted l;o you.

I am, very truly, yours,

J. H. C. COFFIN,

Secretary of Committee of the National Academy of Sciences.

15
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As our voyage and our subsequent stay on Caroline Island were something out of the run of

common experience, you will allow me to give some details concerning them, which usually do not

form a part of a scientific report.

II.—ORGANIZATION OF THE EXPEDITION.

The American party consisted of Edward S. Holden, director of the Washburn Observatory,

Madison, Wis.; Charles S. Hastings, professor of physics in the Johns Hopkins University, Bal-

timore, Md.; Charles H. Rockwell, Tarrytown, N. Y.; E. D. Preston, aid United States Coast

and Geodetic Survey, Washington, D. C; Winslow Upton, United States Signal Office, Wash-

ington, D. C; Ensign S. J. Brown, U. S. N., United States Naval Observatory,Washington, D. C.

The original six members of the party were joined on April 20 by four volunteer observers,

all officers of the U. S. S. Hartford. These were, Lieut. E. F. Qualtrough, U. S. N.; Passed

Assistant Surgeon W. S. Dixon, U. S. N.; Midshipman W. B. Fletcher, U. S. N. ; Midshipman

J. G. Doyle, U. S. N.

On March 11, the party was strengthened by the ioining (at Colon) of the two English gen-

tlemen who were sent out by the Royal Society of Loudon to make photographic observations of

the eclipse, under instructions from J. Norman Lockter, Esq., F. R. S., and Cajitaiu W. de W.

Abney, Royal Engineers, of the Science and Art Departmeut of the South Kensington Museum.

These were 0. A. Lawrence, London, England; C. Ray Woods, London, England.

During our stay on Caroline Island (April 21 to May 9), the following petty officers and men

of the Hartford remained with ns and rendered very intelligent assistance : Horace Yewell,

seaman-gunner; Charles Emms, carpenter's mate; Peter Murphy, cariienter; John Smith

seaman; J. C. Harold, seaman ; C. A. Perkins, ordinary seaman (apprentice); James McKenna,

ordinary seaman (apprentice) ; Peter Burns, steward ; Thomas G. Brooks, assistant steward

;

Mortimer C. Spence, landsman.

Our party on the island consisted of twenty-two persons in all.

III.—JOURNEY FROM NEW YORK TO CAROLINE ISLAND AND RETURN.

(New York to Colmi, 1,989 miles; Colon to Callao, l,7i!2 miles ; Callao to Caroline Island, 4,324 miles; Caroline Island

to Honolulu, 2,100 miles; and from Honolulu to San Francisco, 2,092 miles.)

By Prof. E. S. Holden.

The six members of the American party sailed from New York March 2, 1883, on the Pacific

Mail steamship Acapulco (Capt. W. Shackford), and arrived at Colon March 11, after touching

at Castle Island, March 7, to send off a mail. At Colon the exijedition was joined by the English

photographic party. As the steamer on the west coast of South America did not leave until the

evening of March 12, the American party remained in Colon till the morning of that day, and

went from thence to Panama. Both in Colon and in Panama we were indebted to the courtesy

of Capt. J. M. Dow, of Panama, for expediting our movements and for personal favors.

At Panama I telegraphed to the United States and also to the admiral commanding the

Pacific squadron. Through the kindness of my ftiend Clarence Gary, Esq., of New York, I

found that all our telegrams over the lines along the west coast of South America and through

to the United States were sent free of charge. Early in the morning of March 13 we sailed on

the P. S. Navigation Company's steamer Bolivia (Captain Ferguson), for Callao, stopping at

Buenaventura (March 14), Tuniaco (March 15), Guayaquil (March 17), Payta (March 18), and arrived
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at Gallao, Miircli 20. I at once (sailed on Capt. C G. (Jakpenter, coiimiandiiig the Hart/ord, from

whom I learned that he would be ready to sail on March 22. March 21 was spent in Lima, and

on March 22 the Hartford left Oallao for Caroline Island, a distance of 4,324 miles.

On the twenty-third day out from Callao we sighted one of the islands of the Marquesas group.

and at 8 a. m. of April 20 Caroline Island was seeu as a low green streak on the Innizon. We
had come 4,324 miles in twenty-nine days, mostly under sail (an av^erage of 149 miles per day),

without seeing a single sail or any land, except Magdalena Island of the Marquesas, which we had

gone out of our course to sight. I cannot refrain from quoting here Darwin's entry in his Jour-

nal of a Voyage in the Beagle, under date of December 19, 1835

:

" We may now consider that we have nearly crossed the Pacific. It is necessary to sail over

this great ocean to comprehend its immensity. Moving quickly onwards for weeks together, we

meet with nothing but the same blue, profoundly deep ocean. Even within the archipelagoes the

islands are mere specks and far distant one from the other. Accustomed to look at maps drawn

on a small scale, where dots, shading, and names are crowded together, we do not rightly judge

how infinitely small the proportion of dry land is to the water of this vast expanse."

STAY ON CAROLINE ISLAND.

(From April 21 to Miiy 9.)

It must be remembered that we knew absolutely nothing of Caroline Island, except that it had

been inhabited in 1874 by at least one white man and some thirty natives. The boat landing was

known to be somewhere on the southwestern side, and iiu •' entrance to the lagoon" was spoken of

on the eastern side. The Hartford approached the island from this side, and from end to end there

was nothing to be seen but a line of heavy breakers, then a strip of white beach, and above this a

growth of trees, the highest of which were cocoa palms. Finally, in among these, was seen the

gable roof of a European house, but no inhabitants. Coasting round the island, everywhere sur-

rounded by high surf, the Hartford came opposite the place where the boat landing was reported,

and the whale-boat was lowered aud Lieutenant Qualtrough sent in her to land if possible. It

seems all very simple now, after Caroline Island, its reefs, its lagoon, and its landing are as famil-

iar to us as the beaches of New England ; but at the time it was all quite strange and new. The

advent of a man and a dog on the reef was an event. It seemed to settle one thing, at least, and

that was that we should find some assistance in lauding. But the native disappeared and Lien-

tenant Qualtrough was left to find his own way among the breakers, which he did in a capital

manner.

The ocean reef forms a solid wall all round the islands, except at one narrow and crooked en-

trance, just wide enough for a boat and oars, aud through this entrance each boat must come or be

broken into bits against the steep face of the coral wall. The whale-boat returned shortly with the

news that there were four native men, one woman, and two children on the islands, that two frame

houses were standing, and that we could land at once. Un the 2()th of A]>ril the first of our boxes

were sent ashore. The boats were loaded alongsule and rowed to the entrajice of the naiTow pas-

sage. This was entered on the top of a wave aud the boat was skillfully steered by the cockswain

through its windings. As soon as the bow came over the flat surface of the reef the crew jumped

out and hauled it up into the shallow'water covering the whole surface of the reef. At high water

this ocean reef was covered to a depth of about 30 inches and at low water to about 10 inches.

The boxes were then lifted from the boat and transported by carrying parties to the high-water

mark—a distance of 1,400 feet. This transport had to be made over the rugged surfixce of the

S. Mis. 110 3
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ocean reef and through water varying in depth from 1 to 3 feet, as I have said. From high-water

mark other carrying parties transported tlie boxes along the beach of the lagoon and across the

island to the site of onr observatories (some 1,.'300 feet farther), which had been selected by Dr.

Hastings and myself. On board the Hartford I had prepared a plan of the proposed camp; the

position of each observatory was fixed on the ground by a stake, and to this stake all the boxes of

each instrument were brought. In this way all proceeded in an orderly manner. By the evening

of the 21st all the boxes and baggage of the expedition were landed, as well as bricks, cement, lum-

ber, etc., for the observatories. The entire party slept on shore also, and I shall never forget the

quiet rest of that cool night after the intensely hot day of active work.

Our hammocks were slung on the wide veranda of one of the houses close to the beach of the

mirror-like lagoon. The wind was cool and fresh as it blew through a break between two of the

islands and directly from the open sea, the monotonous roar of whose surf was incessantly heard.

The nearly full moon was overhead and the long fronds of the cocoa palms made grotesque shad-

ows on the level ground. Occasionally there would be heard the shrill cry of some sea-bird flying

over, and other than this and the roar of the breakers there was nothing to disturb the quiet and

rest which came as a fitting conclusion to our restless month at sea.

During the 22d of April the Hartford remained by the island, and a force of carpenters and

bricklayers proceeded rapidly with the construction of our observatories. By night time the

observatories belonging to myself, Dr. Hastings, and Mr. Preston were up, and piers of brick

or wood completed. The brick piers of the English party were well under way and were com-

pleted on the 23d by Mr. Woods, who tlius added a new profession to his former acquirements.

The Hartford sailed at (i p. m. of the 22d for Tahiti and some of us went to the ocean reef

to see her oft". Besides her lights, we saw those of VEclaireur, the man ofwar which was bring,

ing the French eclipse expedition. Early on the morning of the 23d I met the maitre d'equipage

of the Eclaireur on the reef and gave him such information as to the landing, etc., as I was sure

would be of use. Shortly after this the French party came on shore for the day, and the morning

was spent in aiding them to select a site for their observatories, etc.

This party consisted of M. Janssen, director of the Observatory of Astronomical Physics of

Mendon ; M. Tkouvelot, assistant at the Mendon Observatory ; M. Pasteur, photographer of

the Meudon Observatory. These gentlemen were accompanied by M. Tacchini, director of the

Observatory of the Eoman College and M. Palisa, astronomer of the Imperial Observatory of

Vienna. Besides these astronomers there were seventeen of the crew of IJEclaireur left on

shore, making the French party twenty-two in number. Thus the total population of the island

was fifty -one in all, including natives.

Our relations with the gentlemen of the French expedition were throughout of the most cordial

cliiiracter, and so far as our researches lay in the same direction, we worked together to a common

end. It was a pleasure to us to be able to extend to them what aid was possible, and to receive

the same in return.

During the remaining days of April everything was making progress towards complete readi-

iness for observations of tlie eclipse. The observatoi-y of Dr. Hastings and my own were com-

pleted by April 27, and each of us used a six-inch equatorial for some hours each night in an

examination of the southern sky. During the course of this we detected some new doubles and

red stars, a list of which is given later. The vision was not excei^tionally good, and compara-

tively few hours were given to telescopic work, owing to tlie impossibility of obtaining a (piiet
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sleep during the diiy. Still tvventy-tliree double stars were found. This shows that if a suitable

telescfope were to be used iu a favorable place iu the southern hemisphere, as (^uito or Santiago

for example, a great number of new objects could be catalogued in a comparatively short time.

It appears to me that this expedition is worth mailing. Every day during May a reliearsal

for the eclipse observations was gone througli with, and two days before May G everything was

in complete readiness.

On the morning of May 6 there were three rain showers and (several persistent banks of

clouds. The sky was clear at first contact (about 10'' 3"' local mean time), cloudy at intervals

till near totality; clear during totality, except slight haze during the first minute of totality;

cloudy a few minutes after third contact, and finally clear at fourth contract.

The observations of the various parties may be considered to have been successful; but the

success was owing to the apparent accident of the dissipation of a local cloud. I am more than

ever convinced that my conclusion to go to Flint Island, had I found the French party occupying

Caroline Island, was a sound one.

Immediately after the eclipse we commenced prejiarations for departure. These occupied May
r

7 and May 8. Captain Carpenter had promised to return from Tahiti with the Hartford by the

morning of May 9, but we were pleased to see his arrival at 4 p. m. of the 8th.

By hard work all was packed and delivered on the Eart/ord by 4 p. m. of May 9, and at 5

p. in. the Hartford with the expedition on board took her departure for the Sandwich Islands.

We left Caroline Island with mingled feelings of pleasure and regret. Each one of us had at

least some one thing left to do or to see, and yet it was a pleasure to leave the place where our

mission had been accomplished and to meet our friends in the ship who were endeared to us by

that intimacj' which sea-life induces.

This is the place to say one word in regard to the outfit of stores and provisions which was

lirovided iu New York and Callao by Mr. Eockwell and myself. All the advice we received in

the United States from various persons who might have.been supposed to know, was to the effect

that we had better not encumber ourselves with stores, etc., from New York ; that the markets of

Callao and the resources of a man-of-war would am^jly supply our needs. Acting contrary to this

advice we took a large quantity of provisions from New York, together with the canvas, tents, etc.

which we were told could be obtained from the man-of-war. At Callao an additional supply of pro-

visions was purchased, together with the bricks, cement, and lumber which were found to be nec-

essary for the English expedition and our own. The stock of provisions and stores proved to be

exactly what we wanted, and we were enabled to support the twelve men of the party on Caroline

Island without trouble and to provide a sufficient though primitive cuisine. Our only mistake was

in not purchasing all our provisions and tools in New York, and I have given a brief account of

our preparations in this direction, iu order to say to other expeditions similar to our own that

they will do well to buy all their outfit in New York and pay the freight to the point of destina-

tion cheerfully,

I have to express the thanks of the expedition to the honorable Secretary of War, and to my
friend Col. H. C. Hodges, Quartermaster's Dei)artment, for the loan of three tents, which were

of great service to us.

JOUKNEY FROM CAROLINE ISLAND TO THE UNITED STATES.

From Caroline Island the Hartford proceeded directly to the Hawaiian Islands under sail, and

on May 24 we were anchored in the beautiful bay of Hilo. From Hilo a party from the ship visited

the volcano of Kilauea, which v were fortunate enough to find in a very active state. Leaving



20 MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES.

Hilo ou May 29, we arrived at Honolulu tbe next day. Here Mr. Preston and Mr. Beown left

the party in order to undertake pendulum observations on tlie island of Maui. On the evening of

June 3 the rest of the party embarked on Pacific Mail steamship Zealandin (Captain Webber) and

after a disagreeable passage arrived at San Francisco on June 11.

We had been absent from the United States for one hundred and one days, during which we

had traveled some 1,500 miles; seventy days had been i)assed at sea. We had undertaken the

exi)edition with a willingness to undergo any hardships or discomforts for the sake of the astro-

nomical opportunity, but the difficulties vanished as we saw them nearer. Not a mishap of any

kind occurred to interfere with the success of our work, and the entire voyage and the stay on the

island was a beautiful snrprise to us.

Fifty days of our journey were spent on the U. S. S. Hartford, and it is a pleasure for me to

return the thanks of the expedition to the officers and men of this vessel for their constant and

thoughtful kindness and willingness. We have especially to thank Captain Carpenter and

Lieut. Commander Edwin White for their promptness in landing our bulky cases under rather

exceptional difficulties. Four of the officers of the Hartford volunteered to aid us in our observa-

tions on Caroline Island, and l>y the courtesy of Captain Carpenter they were detailed for the

service. Their reports follow in order, and they will show how intelligent and valuable assistance

was given. To these gentlemen. Lieutenant Qualtrough, Dr. Dixon, Midshipmen Fletcher

and Doyle, we desire to make this formal tender of our sincere thanks.

It should appear that while Congress and the National Academy appropriated an adequate

sum for our current expenses, we still owe to the Navy an aid at least equal. We had the intelli-

gent assistance of four trained observers ou the island and the willing aid of the officers and crew

of a large war vessel, and without these our difficulties and expenses would have been greatly and

seriously increased.

IV.—CAROLINE ISLAND.

^ 1. HISTORY.—By Prof. E. S. Holden.

The sum of our knowledge of Caroline Island, before the arrival of the Eclipse Expedition, was

given in the following extract from Findlay's South Pacific Directory (1877, page 742)

:

'• Caroline or Thornton Island, is 7 to 8 miles long, N.NE. and S.SW., and from 2 to 3 miles

wide, well covered with cocoanut and other trees, of tolerable height, which render it visible at a

distance of 16 to 20 miles. It consists of many islets of various sizes, encircling a lagoon. The

reef on the windward side breaks, except at the NE. point, to the distance of a mile from the south

point of the island. This reef sends out two branches to a distance of 1^ miles—one toward the

SE., the other toward the SW. and is consequently dangerous to appi'oach at night. The reef is

close to the islets on the west side, and no breakers were seen on the NW. point. There is no an-

chorage, but a landing (not always safe) may be effected on the north side of the SW. bifurca-

tion, described above and uear the spot where the English flag is hoisted on a mast. There are

about thirty inhabitants and the resident European is Mr. Brown. It was taken possession of by

Captain Nares, H. M. S. Reindeer, for the English, and its latest assigned position is lat. 9° 5i' S.,

long. 150° 6' W."

From various hydrographic notices we also learned that Caroline Island was first seen by Cap-

tain Boughton in 1795. He assigned the position long. 150° 25' W., and lat. 9° 57' S., and he

gave it the name it now bears. At one time it was called Thornton Island. It was visited in 1870

by Lieutenant ChauviniJire, of the French transport Somme, and in 1868 by Captain Nares, R. N.,

who took possession of it for the British. The chief occupation of the inhabitants, who numbered
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27 iu 1868, was raising stock, pigs, poultry, and collecting fish for salting, and also planting cocoa-

nut trees for oil. About 1878 guano was exported from the island.

The foregoing comprises the entire history of the island. I have api)lied by letter to every

persou who might be supposed to know anything of the early history of the island, even to the

secretaries of the missionary societies in Loudon and New York, without obtaining any informa-

tion of value. 1 addressed letters to various gentlemen who were familiar with the islands in

the South Pacific, asking for such information as they had on the history, the aboriginal popula-

tion, &c., of Caroline Island. Among the replies I have received is one from a gentleman resident

on Earoonga, which is given below

:

"Raeotonga, September 21, 1883.

" Sir : Your note to the Bishop of Tahiti has been forwarded to me by the Eeverend William

Wyatt Gill, of the London Missionary Society. I will give you with pleasure what I have heard

concerning Caroline Island, from good authorities—the Messrs. Brown Brothers, the former own-

ers of the island. Some years ago, I had a conversation with these gentlemen, and they told me
that in seeking for guano, they came upon a grave, which made them interested. They sought

farther and found others, numbering altogether fifty. In the graves they found stone axes, and

highly polished green stones, such as are used by the Maoris of New Zealand,, and spears of the

same description. The graves had a few stones placed around them.

" Messrs. Brown & Brothers planted the cocoanut trees on the island. It must have been ten

or fifteen years afterward that the island was leased to Mr. Arundell of the firm of Houlder
Bros. & Co. Although I have been several months on Flint Island in the said company's employ,

I have never seen Caroline Island, but Mr. Arundell told me he had found axes, fancy stones,

etc., on the island.

" Messrs. Brown & Brothers told me they thought the number of the inhabitants at the time

they took possession* could not have been over fifty or a hundred people. It seemed as if there

had been a storm or hurricane at some short period previous, which had desolated the place. The

occupation of the natives, if they had any, would be fishing or fighting, or anythiug they could

possibly do in such a small island.

• « « • * • #

"J. MORTIMER SALMON."

In a note from the Rev. W. Wyatt Gill, he says that he does not believe the island had an

aboriginal population, which is in all likelihood the case.

In a letter dated Auckland, New Zealand, August 6, 1883, Mr. Arundell, the present lessee of

the island, says:

"I regret that I have not many facts in the history of the island to communicate to you. It

was taken possession of by Her Britannic Majesty on July 9, 1868, and the English flag hoisted by

Commodore (now Sir George) Nares in H. M. S. Reindeer. We became Crown tenants in 1872,

and have remained in possession ever since, carrying on guano operations there; and in 1881 I

took the affair up individually and apart from my firm, and commenced the planting of cocoanuts

there, as also on the neighboring Flint Island. I presume you took iihotographs of the island, but

if not, and they should be of any use or interest, I could send you some of the houses, scenery, etc.,

which we took with our own camera a few years back.

" There are some curious old marais, i. c, burying or sacrificial places. Probably my natives

did not show them to you. Of these I have phofeograijhs and plans, and should you care about

them, I would forward them also."

• ••** • *

* This must have been between the years 1865-1872.—E. S. H.
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Tbe drawing from which Figure 3 is engraved was made by George W. Robertson, Esq.,

of Liverpool, and is accurate. Mr. Arundell describes it very briefly in a letter of January 1st,

1884. The plan gives the disposition of the various masses about the central space. The figures

in the margins are the elevations of the ten smaller blocks shown in the plan on the borders of the

inclosure. The two walls at the ends are not represented in plan, but are revolved 90° so as to

appear in elevation. With this explanation the figure can be understood.

The material of the blocks and walls is coral and coral conglomerate. Mr. Arundell opened
cairn C without finding any trace of bones, ashes, or of any human remains. They are situated on

the western side of the most northern islet, and there are a few smaller ones on the south point of

the longest islet on the eastern side. They must have been built by a native population, but no

natives were known to inhabit the island at its first occupation by the whites.

52. DESCRIPTION OF THE ISLAND.

By Prof. E. S. Holden; and Lieut. E. F. Qualtrough, U. S. N.

Our own observations and the careful survey of the island which was made by Lieutenant

Qualtrough and Midshipmen Fletcher and Doyle, enable me to give a tolerably accurate

description of Caroline Island. I desire, however, before giving the results of our own work to

quote from Professor Dana's Corals and Coral Islands, and from Darwin's Votjatje of the Beagle,

their accounts of typical coral atolls which they visited. The only changes necessary in their

descriptions, to make these apply exactly to our station, are changes in the dimensions of the

ocean reefs, the beaches, etc. The general features of a coral atoll are most perfectly and graphic-

ally described by them. To understand their accounts, I may say that the general shape of Caro-

line Island is that of a pear-shaped ring of islets, encircling a lagoon. The islets are based on the

ocean reef which Dana calls the shore platform.

Between the islets are portions of this platform, which are nearly bare at low water. Inside

the ocean reef is the lagoon, which is itself filled with reefs of corals. Professor Dana says : "The
shore platform is from one to three hundred feet in width, and has the general features of a half-

s«bmerged outer reef. Its peculiarities arise solely from the accumulations which have changed
the reef into an island. Much of it is commonly bare at low tide, though there are places where it

is always covered with a few inches or a foot of water; and the elevated [outer] edge, the only

l)art exposed, often seems like an embankment preventing the water from running off. The tides,

as they rise, cover it with water throughout and bear over it coral fragments and sand, commin-
uted shells, and other animal remains, t6 add them to the beach.

"The heavier seas transport larger fragments; and at the foot of the beach there is often a
deposit of blocks of coral, or coral rock, which low tide commonly leaves standing in a few inches

of water. On moving these masses, which generally rest on their projecting angles, and have an
oi)en space beneath, the waters at once become alive with fish, shrimps and crabs, escaping from

their disturbed shelter; and beneath appear various actinise or living flowers, the spiny echini

and sluggish heche de mer, while swarms of shells, having a soldier crab for their tenant, walk off'

with unusual life and stateliness. Moreover, delicate corallines, ascidia-, and sponges, tint with

lively shades of red, green, and pink the under surface of the block of coral which had formed the

roof of the little grotto. The beach consists of coral pebbles or sand, with some worn shells, and
occasionally the exuviie of crabs and bones of fishes. Owing to its whiteness, and the contrast it

attords to the massy verdure above, it is a remarkable feature in the distant view of these islands.
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"The emerged land beyond the beach in its last stage stands G to 10 feet ont of water. The

surface consists of coral sand, more or less discolored by vegetable or animal decomposition. Scat-

tered among the trees stand, still uncovered, many of the larger blocks of coral, with their usual

rough angular features and blackened surface. There is but little dejith of coral soil, although

the land may appear buried in the richest foliage. In fact, the soil is scarcely anything but coral

sand. It is seldom discolored beyond 4 or 5 inches, and but little of it to this extent. There

is no proper vegetable mold, but only a mixture of darker particles with the wliite grains of coral

sand. It is often rather a coral gravel, and below a foot or two it is usually cemented together

into a more or less compact coral sand-rock.

" The shore of the lagoon is generally low and gently inclined, yet in the larger islands [as at

Caroline Island] there is usually a beach resembling that on the seaward side, though of less

extent. A platform of reef-rock, at the same elevation as the shore-platform, sometimes extends

out into the lagoon ; but it is more common to liud it a little submerged, and covered for the

most part with growing corals; and, in either case, the bank terminates outward in an abrupt

descent, of a few yards or fathoms, to a lower area of growing corals or to a bottom of sand.

Still more commonly we meet with a sandy bottom, gradually deepening from the shores, without

growing coral. These three varieties of condition are generally found in the same lagoon, char-

acterizing its diflerent parts. The lower area of growing corals slopes outward and ceases when

the depth is 10 to 12 fathoms or sooner.

"There are usually currents flowing to leeward through the lagoon, and out, over, or

through the leeward reef, the waves with the rising tide dashing over the windward side, and

keeping up a large supply, which is greatly increased in times of storms ; and this action tends to

keep open a leeward channel for the passage of the water."

The various illustrations scattered through this section (which are engraved from photographic

prints kindly furnished by the gentlemen of the English expedition) will make this description

more clear to those who have not aetually seen a coral atoll. They have been redrawn from the

prints by Mr. R. N. Brooke, of Washington, to whom our thanks are due for the care which he

brought to his difficult task.

From Darwin's Journal the following extracf;s are taken :

"The ring-formed reef of the lagoon island is surmounted in the greater part of its length by

linear islets. On entering the lagoon the scene was very curious and rather pretty. Its beauty,

however, entirely depended on the brilliancy of the surrounding colors. The shallow, clear and still

water of the lagoon, resting in its greater part on white sand, is, when illumined by a vertical sun,

of the most vivid green. This brilliant expanse, several miles in width, is on all sides divided,

either by a line of snow-white breakers from the dark heaving waters of the ocean, or from the

blue vault of heaven by the strips of land, crowned by the level tops of the cocoauut trees. As a

white cloud here and there affords a pleasing contrast with the azure sky, so in the lagoon, bands

of living coral darken the emerald-green water."

"The next morning after anchoring I went on shore. The strip of dry land is only a few hun-

dred yards in width. On the lagoon side there is a white calcareous beach, the radiation from

which under this sultry climate was very oppressive; and on the outer coast, a solid broad plat of

coral rock served to break the violence of the open sea. Excepting near the lagoon, where there is

some sand, the land is entirely composed of rounded fragments of coral. In such a loose, dry,

stony soil, the climate of the intertropical regions alone could produce a vigorous vegetation. On

some of the smaller islets nothing could be more elegant than the manner in which the young an^
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full-grown cocoanut trees, without destroying each other's symmetry, were mingled into one wood.

A beach of glittering white sand formed a border to these fairy spots."

" The long strips of land forming the linear islets have been raised only to that height to which

the surf can throw fragments of coral, and the wind heap up calcareous sand. The solid plat of

coral rock on the outside, by its breadth, breaks the first violence of the waves, which otherwise

in a day would sweep away these islets and all their productions. The ocean and the land seem

here struggling for mastery. Although terraJirma has obtained a footing the denizens of the water

think their claim at least equally good. lu every part one meets hermit crabs of more than one

species carrying on their backs the shells which they have stolen from the neighboring beach.

Overhead numerous gaijnets, frigate-birds, and terns rest on the trees ; and the wood, from the

many nests and from the smell of the atmosphere, might be called a sea-rookery. The gannets,

sitting on their rude nests, gaze at one with a stupid yet angry air. The noddies, as their name

expresses, are silly little creatures. But there is one charming bird ; it is a small snow-white tern,

which smoothly hovers at the distance of a few feet above one's head, its large black eye scanning,

with quiet curiosity, your expression. Little imagination is required to fancy that so light and

delicate a body must be tenanted by some wandering fairy spirit."

" The next day I employed myself in examining the very interesting yet simple structure and

origin of these islands. The water being unusually smooth, I waded over the outer plat of dead

rock as far as the living mounds of coral, on which the swell of the open sea breaks. In some of

the gullies and hollows there were beautiful green and other colored fishes, and the form and tints

of many of the zoophytes were admirable. It is excusable to grow enthusiastic over the infinite

numbers of organic beings with which the sea of the tropics, so prodigal of life, teems, yet I must

confess I think those naturalists who have described, in well-known words, the submarine grottoes

decked with a thousand beauties have indulged in rather exuberant language."

" Every single atom, from the least particle to the largest fragment of rock, in this great pile,

which, however, is small compared with very many other lagoon islands, bears the stamp of having

been subjected to organic arrangement. We feel surprised when travelers tell us of the vast

dimensions of the pyramids and other great ruins, but how utterly insignificant are the greatest of

these when compared to these mountains of stone accumulated by the agency of various minute

and tender animals ! This is a wonder which does not at first strike the eye of the body, but,

after reflection, the eye of reason."

The foregoing extracts give a complete picture of the typical coral atoll, and, as I have said, we

require simply to make a few changes in the dimensions to make them exactly apply to Caroline

Island. The frontispiece, which is derived from the survey made at my request, will give the

necessary changes at a glance.

To this I add a brief description furnished by Lieutenant Qualtrough.

"Caroline Island, or chain of islands, is of coral formation of the lagoon type, and in shape

is an irregular elongated oval ; it is 5f miles long from NNE. to SSW. and its circumference, meas-

ured on the outer or inclosing reef, is approximately 13 miles. The greatest breadth is at the south-

ern end, where it measures Ij^ miles, and the average width may be placed at three quarters of a

mile.

"The atoll consists of a chain of twenty-five little islets, well covered with trees and shrubbery,

the whole forming a quiet scene of grove and lake, charmingly set off by the contrasting ocean.

Between the patches of verdure there is a flat, water-covered table of coral rock, which is covered
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with little conil heads which show at low water. On some of the islands there are spaces void of

vegetation, extending from lagoou to sea-beacb, which indicate the existence at a former time of a

water separation.

"The inclosing platform reef fringes the shore, forming a wide extension, elevated at; its outer

edge, around the greater portion of which the surf breaks with considerable violence. There is a

passage through, or over, this bordering reef near the southern end, which is deep enough to permit

small ships' boats to penetrate to the lagoon at high water.

"The surface of the Islands is covered with a growth of trees and other vegetation, much of

which has been planted by the hand of man, especially large numbers of cocoa palm.s, which are

being raised for the production of cocoanut-oil. The water in the lagoon is extremely salt, and

evidently of greater density than the water of the outer sea.

" The climate of the island, though warm, is delightful, for, surrounded as it is by sea, the tem-

perature is equable. The weather, though mostly fine, is somewhat changeable, with occasional

sudden showers, which occur generally at night or during the early morning. The prevailing winds

in April and May were from the ^N". and E.

" The following inscription exists, posted on a blackboard on the lower island

:

"'Caroline Island, latitude 9° 56' S., longitude loOo OC W. Lea.sed from Her Most Gra-

cious Majesty Victoria, Queen of Great Britain and Ireland, by Messrs. Hoxjlder, Bros. &
Co., i!^o. 140 Leadenhall st., London, England, and Fanniiig's Island, North Pacific Ocean. Agents

:

Mdme. T. Salmon, veuve Brander, Tahiti; Thomas H. Dayies, II. B. M. vice-consul, Honolulu;

Macondray & Co., San Francisco."

" There are some traces of former iubabltauts, among which may be mentioned three houses and

two sheds, in good repair, on the lower island, and two others on the northern island of the group.

About one-third the distance up the lagoon a canvas hut exists on one of the smaller islets on the

eastern side of the lagoon, and two wooden huts stand on one of the western islets, some distance

further up the lagoon. At various places around the beach, anchors, chains, spars, and i)ieces of

the woodwork of vessels may be seen, some of them, perhaps, being the remains of wrecks on the

reef in years gone by. The island is Inhabited at the present time by seven persons, four men,

one woman, and two children, who are engaged in the planting and care of the young cocoanut

trees now about 3 feet high.

" Some varieties of phosphatic guano are found on the islets, but at the present time there seems

to be no effort to export any. The source of fresh water on Caroline, as on many coral islands, is

the rains, which percolate through the sands and collect upon the coral rock, which forms the basis

of the island. There are two shallow wells on the lower island, and another on the upper or north-

ern island.

"Tidal observations made in the lagoon show no relation between the rise and fall in the

lagoon and that outside. The lagoon is open to windward, and the wind evidentlj- exercises great

influence over the height of the water."

The brick piers which we constructed for the support of our instruments, and the frames of our

observatories, which we left standing, will serve to signalize our occupation of the island.

In particular I placed upon the upper surface of the pier of the transit instrument a marble

slab bearing the inscription, "U. S. Eclipse Party, 1883, May G." This marks the point to which

our latitude and longitude are referred.

It may be added that a series of tidal observations was made by Lieutenant Quaxtrough and

Messrs. Fletcher and Doyle. These show the lunar tidal interval on the day of full and chonge

S. Mis. 110 4
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to be i*" ; that is, the time of high water water is 4'' later than the moon's trausit. The greatest

daily range was 1' 7"
; the least daily range was 0' 5".

i 3. LONGITUDE OF CAROLINE ISLAND.—By Mr. Winslow Upton.

The longitude of Caroline Island was determined by means of chronometers and from obser-

vations of moon culminations. The care of the chronometers was in the hands of Ensign Brown
from the time of leaving New York until March 24, after leaving Callao in the Hartford, and

in my hands for the rest of the voyage. The observations for time with the transit on Caroline

Island were ma<le by Mr. Peeston, as well as the observation of moon culminations. Tlie reduc-

tion of the work was assigned me ; this report therefore incorporates the work done by these

members of the party as far as it bears upon the determination of the longitude.

longitude feom chronometers.

The following chronometers were carried on the expedition : Negus, 1340, mean time; Negus,

1536, sidereal time ; Negus, 1589, sidereal time ; Hutton, 202, sidereal time; Bliss, 2876, sidereal

time.

The first two were brought from the United States Naval Observatory with their corrections

determined at Washington. The third and fourth were brought from the ofQce of the United

States Coast and Geodetic Survey with their corrections undetermined. The fifth was brought by

Professor Holden, not running, and was started on the second day after leaving New York. The

corrections at the beginning of the voyage of the last three chronometers were obtained by com-

parison with the first. On the Hartford regular comi>arisons were made with the chronometers

of the ship as follows: Bond, 233, mean time; Negus, 1288, mean time; Negus, 1065, mean time;

Wood, 425, mean time. For the greater part of tlie expedition nine chronometers therefore were

in use. On the Zealnndia, from Honolulu to San Francisco, comparisons were made with the two

chronometers of that ship, but were not used in the reductions.

Throughout the journey ft'om New York to San Francisco daily comparisons were made of

the several chronometers. At New York observations of the time-ball checked the running of

1340 and 1536 from Washington. At Aspinwall the local time was obtained by sextant observa-

tions, and by comparison with the chronometer of the Royal Mail steamer Medway, Fletcher.,

1608. At Callao no observations were made, the local time adopted depending upon comparisons

with the Hartford and^values deduced from the rates of the chronometers. At Caroline Island

sextant observations were made until the mounting of the transit. At Honolulu sextant observa-

tions were made, and at San Francisco comparisons at the observatory of the United States Coast

and Geodetic Survey with the chronometer of the transit of Venus party under the charge of Mr.

Edwin Smith, the correction of which was determined by transit observations made by Prof. H. S.

Pritchett. At Honolulu chronometers 202 and 1589 were left behind, and for the voyage from

Honolulu to San Francisco but three chronometers in consequence were avaiLable. The following

table contains the adopted chronometer corrections at the various places enumerated above. The

chronometers are designated by their numbers, and the corrections are in Greenwich mean or

sidereal time. Nos. 202 and 1589 were regulated to Washington time, but were set by Mr. Preston

at Caroline Island to local sidereal time, which explains the change in the corrections. Nos. 1536

and 2786 were regulated to Caroline sidereal time. The others were running on Greenwich mean

time.
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Table I.

—

Chronometer corrections in Greenwich mean or sidereal time.
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Date.

{If'ashiiiglon time.)

Feb. -JS-OOO - - - .

2.U54 - - - -

3.170 . - - -

11.000 ....
'J'2.140 - - - -

Place.

Mar.
Mar.
Mar.
Mar.
Mar.
June

Washiugtoii
At sea - -

At sea - -

Aspiuwall -

Callao - -

ii3.968 , At sea -

1.07G Houolulu

I

Jmio 12.3S5 ----- Sail Francisco •

1340.

m. 8.

-6 .'>;!. 78

-7 3.8
-7 10.3

203.

/(. m. 8.

1589.

h. m. s.

2786.

A. m. 8.

+ .> 7 29. 7 I + ,5 (i 35. -3

j -flO 1 23.8
+ 57 27.3 !+.', 7 10.3 ' +ld 57.3

-f 5 7 30.9 + 5 7 49.7 i +10 21.5

-8 3.5
-8 14.20

+10 1 30. 7 +10 2 44. I + 9 55 .51.0

+ 9 55 3.73

Date.

( Washington time.)

Feb. 28.000 - - - -

Mar. 2.054 - - - -

Mar. 3.170 - - - -

Mar. 11.000 - - - -

Mar. 2i.l40 - . - -

Mar. 23.968 - - - -

June 1.07() - - - -

Place. 1536.

+10
m. 8.

1 22.06

233.

Wasbington -

At sea - - -

At sea - - -

Aspiuwall - - +10 1 39.3
Callao - - - -

:
1-10 1 .55. 1 ;

- - - -

At sea - - - -
(

+17 24.

Honolulu- - - +10 3 34.3 +20 0.9

1988.

June 12.385
i
San Francisco - +10 3 47.78

—5 34.

1

—5 28. 5

1065. 425.

-4 26.4
-4 41.9

+1 57.3
+2 39.

1

With regard to the corrections given in the preceding table some explanations are necessary.

The corrections on February 28.000 were determined at the United States Naval Observatory,

those on March 2 and 3 by comparisons with 1340. The sextant ob.servations at Aspinwall consist

of three double altitudes of the sun, giving the correction to 1340 — 7'" 2^9. The comparison with

the chronometer of the Medtcay gave — 7'" 4:'.3. Giving the latter double weight, as it was said to

depend on equal altitude observations made the day previous, the correction — 7'" 3^8 results. Cor-

rections to the other chronometers were obtained by comparisons. They were used only in deter-

mining the chronometer rates from New York for obtaining the con-ections at Callao.

The- corrections to be adopted at Callao received especial attention, as it was intended to make

this point one of the terminal points of the campaign. Unfortunately but two days were spent at

this port, and no observations were made. The corrections therefore depend upon comparisons

with the Hartford chronometers, and ujwu corrections deduced by using the rates from New Y'ork.

Comparisons with the chronometer 1288 of the Hartford were made on March 21, using 202 as

a hack and 1340 as the standard for the expedition chronometers. These gave: 1340— 1288

= 1"' 34^55; 1288 corr. —5"' 34».26 (given by the navigator of the Hartford) ; 1340 corr. —7'" 8'.8.

The correction to 1288 depends upon sextant observations made March 4, on shore, by the

method of single altitudes brought forward by a rate determined for an interval of ninety-six

days, and checked by a deck observation March 18. The correction was furnished through the

kindness of the navigator of the Hartford. The computation of the chronometer corrections, by

using the rates from New York, was thus made

:

From the preceding table of corrections the mean rates were obtained New York to Aspinwall,

and from the chronometer comparisons March 10, 11, 14, 15, the mean values of the relative rates

between 1340 and each of the other chronometers. The temperatures changed greatl.y between

New York and Aspinwall, but were more constant between Aspinwall and Callao. A rate deter-

mined at Aspinwall is therefore better for carrying forward the corrections from Aspinwall to Cal-

lao. The comparisons March 10, 11, were the last made on the Acapxdco, and those March 14, 15,

the first on the Bolivia ; their mean was adopted for the relative rates at Aspinwall. The follow-
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ing table contains the mean rates of each chronometer New York to Aspinwall, the mean relative

rates from these figures, then the relative rates at Aspinwall, obtained as above. The diflerences

are large, and in the absence of any evidence as to the superiority of any one chronometer it is

assumed that the differences should be distributed equally between 1340 and the chronometer

compared with it in each case. The corrected rates of 1340 are therefore obtained as given in the

sixth column, and the mean taken, rejecting the comiiarison with 202, as it was the hack chronom-

eter and ran irregularly. The rates in the last column ai-e the values adopted for the rates at

Aspinwall.

Table II.

—

Rates of each chronometer at Aspinwall.

Chronome-
ter.



= I.

>
c
c
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The correction given by comparison with the Hartford chronometer 1288 rednced to the above

time by the rate of 1340 is — 7"' 9».3. Adopting tlie mean — 7'" 10'.3, and deducing the corrections

to the other chronometers, we have the corrections already given in Table I. Comparisons with all

tlie chronometers of the Hartford were first made on March 24. Carrying forward the correction

of 1340 by its assumed rate +0».71, we have the corrections given in Table I on that date.

It will be seen that the corrections adoi)ted at Callao are uncertain by an amount wliich may
reach several seconds. The uncertainties arise from the necessary assumptions made in bringing

forward the chronometer corrections, the unreliability of the observation at Aspinwall, and the

possible errors in the corrections given for the Hartford chronometer 1288 due to the length of time

since observations had been made and to the uncertainty in the longitude of Callao given on chart

No. 784, United States Hydrographic Office. In the absence of direct observations at Callao, the

corrections adopted are.the best attainable.

At Honolulu observations with the sextant were attempted both morning and evening for

several days after the arrival of t\iQ Hartford. Clouds, however, prevented observations by equal

altitudes, but good observations by single altitudes were obtained on three occasions, giving the

following corrections to 1340

:

m. «.

May 30.392 -8 2.4

June 1.037 3.0

June 2.034 4.4

Mean, May 31.821 -8 3.3

Reducing to June 1.07G, the time of the nearest chronometer comparisons, we have the correc-

tions given in Table I.

At San Francisco advantage was taken of a time determination made at the observatory of the

United States Coast and Geodetic Survey, on the evening after the arrival of the expedition, by

Messrs. Edwin Smith and H. S. Pritchett, of the United States Transit of Venus Expedition,

through whose courtesy a comparison was made between the chronometers. The resulting correc-

tions are given in Table I.

Determinations of the local time at Caroline Island were made by Mr. Preston with the transit

instrument. Previous to the mounting of the instrument, observations with the sextant were made

every morning and evening, which were reduced by the method of equal altitudes. The correc-

tions in local time to 1340 by these observations were as follows, not including the sextant deter-

minations on April 23, a. m., which it was considered unnecessary to use :

h. h. m. Si.

April 20, 12 -10 8 33.1

21, 34.0

21, 12 34.4

22, 34.6

On April 24, 7'', the transit determination of time gave the coiTcction — lO*" 8™ 35'.C7. From

these determinations the correction for April 20, 23'', the time of the last comparisons on the Hart-

ford before the removal of the chronometers to the shore, was deduced by using the sea rate
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4-0^835 II]) to the removal, and +0^4:7 after removal, the former being obtained in the coraiiutation

later exi)hiined, and the latter the shore rate on Caroline Island. The following are the results :

Sextant observations

:

April L'O, 2.5

h. m. s.

~ 10 8 3;',.48

3;5.98

34.15

34.12

Mean - 10 8 33.93

Transit mounted 140 feet west of site of sextant observations :

h. m. s.

Reduction to transit instrument - - - _ - - .09

Resulting corr. (from sextant obser-

vations) - 10 8 34.02

Resulting corr. (I'rom transit obser-

vations) -10 8 34.00

Mean - 10 8 34.04

Upon leaving Caroline Island, the last time determination with the transit Instruraentby Mr.

Preston was carried forward by the rate +0^47 to the time of the first comparisons after the

return of the chronometers to the Hartford. The computation was as follows :

7(. VI. It. m. s.

May 8, 7 49, local time corr. to 1340= -10 8 42.33

Red. - .42

9, 5 local tinu> - 10 8 42.75

The following table gives the corrections on local mean or sidereal time for each of the nine

chronometers before lauding at Caroline Island and immediately upon leaving the island, derived

from the chronometer comparisons and using the above corrections for 1340. The times are ex-

pressed in Washington mean time to correspond with those in Table I.

Table IV.

—

Chronometer corrections at Caroline Island, escpressed in local mean or sidereal time.
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eclipse, the latter being kept carefully as the staudard of reference. The observations with the

transit showed that on shore it had a gaining rate of 0'.47. a much smaller value than its sea rate.

No. 2786 was not removed from the vessel.

We are now ready to determine the longitude from the chronometers, making use of the Green-

wich corrections given in Table I, and the Caroline Island corrections given in Table IV. Two
chronometers, 1340 and 1536, are available for the journey, New York to San Francisco, and the

whole nine between Callao and Honolulu. The following table contains the mean rates of each

chronometer and the resulting longitude. In obtaining the former the ditterences between the

chronometer corrections at New York, Callao, Honolulu, aiul San Francisco (Table I) were taken

and diminished by the changes which took place during the stay at Caroline Island (Table IV,

last column). Dividing these by the resjiective intervals of time, diminished by that from April 21

to Maj' 9, we have the mean sea rates of the chronometers. This assumes that the rates of those

chronometers, viz, 1340, 202, 1589, and 1530, which were removed to the island, and were observed

to have difl'erent rates on shore, returned to their former traveling rates after the resumj)tion of

the voyage. The daily chronometer comparisons show the same relative rates after leaving Caro-

line Island as before arrival, and hence justify the assumption, except in the case of 1589, which

had been used in the transit observations on shore and also had had its hands moved. A correc-

tion to the longitude was therefore obtained for this chronometer by summing up the departures

of the observed relative rates between 1340 and 1580 from their mean values, the resulting longi-

tude being given in the sixth column. By means of the rates given in columns two and tliree

the Greenwich corrections were obtained for the times April 21.101, and May 9.408, and the local

corrections from Table IV at those dates subtracted from them. Both of the computations give

the same longitude, and are simply a numerical check on each other.

Table V.

—

Chronometer rafcs and longitude.
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eacli to the moan of the two. The comparisons between Callao and Honolulu show a tine agree-

ment from day to day, probably due in part to the almost constant temperatures to which they

were exposed. A correction to 1.^89 was obtained, as above explained, and applied in the last

column, but for the other chronometers it was found that the corrections would change the result

by only 0.2 second, a quantity within the errors of the computation. The adopted values of

the longitude are therefore:

h. m. s.

10 .59.0, Callao to Honolulu (7 chronometers).

10 57.1, New York to San Francisco (2 chronometers).

During the stay upon Caroline Island the Eartford visited Tahiti, where time determinations

were made by the navigator of the vessel, which have kindly been furnished, as follows :

m. s.

April 30. 233 slow 18 40.22

1288 fast 5 37.75

1065 fast - 1 41.70

425 slow 2 10.65

The observations were made by equal altitudes with the sextant and I assume for Muta Uta

Island, lat, -17° 31' 39" ; long., 149° 34' 21".

Eeducing these values to April 21 and May 9, by rates determined from the comparisons

at Caroline Island on those dates, and comparing with the local corrections (Table lY), we have the

following values of the longitude :

//. in. S.

L>33 10 52.47

1288 53.17

1065 53.05

425 53.11

Mean 10 .53.0

The assumed position of Muta Uta Island is taken from the revised edition of Bowditch

Navigator, but its authority and reliability could not be obtained.

LONGITUDK FROM MOON CULMINATIONS.

Observations of moon culminations were obtained by Mr. Pkeston on April 25, and 27,

and 28. The last, however, cannot be used, as clouds prevented the determination of the posi-

tion of the instrument. Three moon-culminating stars were obtained on the tirst night, but clouds

interfered with the observations on the second, necessitating the determination of the constants of

the instrument by the other stars observed. The computed right ascensions of the moon are as

follows

:

/». m. s.

April 25 17 22 20.09, from m Ophiuchi.

20.10, from i Ophiuchi.

20.11, from 58 Ophiuchi.

17 22 20.10, mean.

April 27 19 12 41.,34.

The resulting longitudes were obtained with the aid of the lunar ephenieris of the American

ephemeris and are given below. Through the courtesy of the Superintendent of the United States
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Naval Observatory, the observation of moon culminations made at Wasbington have been reduced,

and their results communicated, as follows :

Date.
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parisons were in general made at 11 a. m., local tinie. The expedition chronometers were secured

to the floor in the admiral's cabin ; the ship's chronometers were in the navigator's room, with the

exception of 425, which was in the admiial's cabin.

Relative rates of chronometers from daily comparisons.

[1340—Each cbrouometer. Rate given is for twenty-four houra preceding the corresponding date.]

NEW YORK TO ASPINWALL.

Date.
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CAEOLINE ISLAND TO HONOLULU,

35

Date.
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OBSERVATIONS FOR TIME.

[Aspiuwall, March 11, 9.45 a. m. Double altitndes of suu. S. J. Brown, observer. Chronometer, Hutton, 202.

E. D. Preston, recorder.]

Time.
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CHRONOMETER COMPARISONS.

1340. 1589.

h. m. 8. h. m. n.

11 56 8. 5 = 8 33 55

2 37 52.5 = 11 16 5

REDUCTION BY METHOD OF SINGLE ALTITUDES.

[W. Upton, computer.]

h. m. 8.

1589 fast— 4 51 27. 93

1340 fast— 10 8 33.52

[Caroline Islaiul, April 21, a. m. Double altitudes of suu. Clironometer, Negus, 1589. W. Upton, observer and

recorder.]

INDEX CORRECTIONS.

Before observation.
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CHRONOMETER COMPARISONS.

1340.

h. m. 8. h. 111. 8.

1 20 56 = 10 4 30 chron. 202.

23 22. 5 = 10 5 15 chron. 1589.

24 36 =5 13 30 chrou. 1536.

CHRONOMETERS REMOVED FROM SHIP TO THE SHORE.

h, m. a. h. m. s.

2 9 53 = 10 53 35 chron. 202.

10 5 = 52 5 chron. 1589.

10 38.5 = 5 59 40 chron. 1536.

Reduction by method of equal altitudes, combiuiDg with observations April 21, a. m., and April 22, a. m. W.
Upton, computer.

[Caroline Island, April 22, a. m. Double altitudes of sun. Chronometer, Negu.s, 1589. W. Upton, observer and

recorder. ]
I. INDEX CORRECTION.

Time.
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OBSEKVATIONS FOR LATITUDE.

[Caroline Island, April 23. Double altitudes of the sun. Pocl£et watch No. 3649. W. Upton, observer aud recorder.]

INDEX CORRECTION.
Time.
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OBSERVATIONS FOR TIME.

fHouohihi, May :!0, p. m. Double altitudes of the sun. W. Upton, observer. Cbroiionieter, Hutton, 202. S.J.

Brown, recorder.]

I. INDEX CORRECTION.

Time.
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REDUCTION BY METHOD OF SINGLE ALTITUDES.

[W. Upton, comimter. ]

h. m. 8.

202 slow 10 1 31.1 Greenwich sidereal time.

13-10 fast 8 3.0 Greenwich mean time.

[Honolulu, Juno 2, a. m. Double altitudes of the sun. W. Upton, ob.server. Chronometer, HirnoN, 202.

Mrs. W. Upton, recorder.]

INDEX CORRECTION.
Time.
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the shade of a high cocoanut tree, there being several other trees in the immediate vicinity. The

roof sloped towards the north, and after April 29 was surmounted by an additional roof raised

about 4 inches above the first. The north side of the shelter contained a door, which was fre-

quently open. This arrangement of the shelter proved very satisfactory. The whole shelter was

shielded from the direct rays of the sun, except for a short time soon after sunrise, by the branches

of the trees, and the rays which came through these branches during the heated portion of the day

fell upon the upper roof. The important condition of a free circulation of air about the instruments

was also secured, since the branches of the trees were from 10 to 20 feet above the shelter, allow-

ing the wind to blow beneath them. Three sides of the shelter were made of open louvre work,

Mhile the fourth was wholly open. In order to test, by actual observation, the success of the above

method of ex^iosure, a series of readings was made of the dry-bulb thermometer, and of a thermom-

eter whirled rapidly in the open air. The readings were made under various conditions during sev-

eral days, and are given at the end of this report. They show that the readings of the dry-bulb

thermometer may be accepted without correction as giving closely the temperature of the air.

Within this shelter were placed the maximum, minimum, dry-bulb, and wetbulb thermometers,

and beneath it, one foot above the grass, a thermometer adapted for measuring the minimum tem-

perature at night close to the ground. The bulbs within the shelter were elevated 5 feet above

the ground. The aneroid barometer was of the Goldschmid pattern, and proved to be a good

instrument. It was generally kept in the house, but during the frequent observations on April 29

and May 6, was for convenience placed in the shade in the open air or in the instrument shelter.

Comparisons between the readings of this barometer and the mercurial barometer furnished Mr.

Preston by the United States Coast and Geodetic Survey were frequently made, and are given

at the end of this report. From them a constant correction of + 0.104 inch to the aneroid baro-

meter was derived, and has been used in the reduction of the readings. The elevation of the in-

strument was about 10 feet above the level of the sea.

The anemometer was mounted on an iron rod, 9 feet 7 inches above the ground, in a large

open space to which the wind had good access, especially from the north and east, the only direc-

tion in which the wind was observed to blow during the period of observation.

The rain-band spectroscope was read occasionally only. Its readings at the different observa-

tions were nearly the same, as will be seen from the record given at the end of this report. In

damp insular positions in the tropics the instrument seems to give about the same indications from

time to time, and therefore is of less value as a hygrometer than in the temperate zone.

The instruments were read daily at frequent intervals between 6 a. m. and 9 \>. m. As the

principal object of the observations was to furnish a basis of comparison for those made in connec-

tion with the eclipse, the record is especially full between the hours of 10 a. m. and 2 ]>. m. The
observations are given in detail at the end of this report. From them may be gleaned the follow-

ing facts bearing upon the meteorology of the island.

GENERAL WEATHER CONDITIONS.

With the exception of one day, May 4, the conditions were uniform, and characterized by lair

weather with cumulus clouds passing rapidly over the sky, giving rise to frequent but slight

showers. Upwards of twenty of tliese showers were noted during the two weeks, the rainfall at

each being small. The sky was sometimes clear for several hours, especially in the middle of the

day and in the early evening. The clouds observed were almost wholly of the cumulus class,

cirro-stratus being also seen occasionally. The only weather disturbance occurred on May 4,





Fig. 15.

MEAN BAROMETRIC CURVE, APRIL 25-MAY 6.
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to
Sea Level.
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wlien it rained steadily from about inidnigbt to 9.50 a. in.; it remained cloudy until afternoon,

when the sky gradually cleared. Following tlii.s day, the clouds were more frequent than they

had been for several preceding days, the wind stronger, the humidity .somewhat greater, and

showers more frequent.

BAROMETRIC PRESSURE.

The barometric pressure was markedly uniform from day to day, the diurnal movement being

clearly ajjparent. The following table contains the hourly barometric readings between April 25

and May C, reduced for temperature and elevation. Values in brackets are interpolated for the

purpose of obtainiug the mean values.

Reduced barometric readings.
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RAINFALL.

In order to measure approximately the rainfall a gauge was impi'ovised with the aid of a tin

can of uniform diameter. The frequent showers gave in general an inajjpreciable amount of rain,

though some of them gave small amounts, one-tenth of an inch or over. The meteorological

summary gives the record of the rainfall, from which it will be seen that the total amount during

the two weeks was about 8 inches. More than half of this fell in the rain-storm of May 4, when

it rained hard and steadily from midnight to 9.50 a. m.

WIND.

The observations of the direction and velocity of the wind give some interesting results. The

former was almost always noted as east or northeast, and was at no time observed to be from any

other quarter than between north and east. The island is situated in the region of the southeast

trades, which makes it noteworthy that not a single record gives a direction south of east.

The table of wind velocities on page — gives in detail the results of the anemometrical obser-

vations. From this it will be seen that there is no indication sufficiently marked of any diurnal

change in the wind's velocity. It is, however, apparent that there was a decrease of velocity from

the beginning of the series to May 2, and an increase to May 7. These dates follow the dates of

mininnim and maximum pressure mentioned above by an interval of about two dajs, but the series

is for too short a period of time to warrant the drawing of any inferences as to their relation.

Indeed, it may be said that the indications of periodicity in both these cases may be only acci-

dental, and not real indications of a progressive movement. It would take a longer continued series

of observations to decide the question, and therefore the above are in Mitioned as only possibilities

which these observations suggest.

The average hourly velocity of the wind was G.05 miles ; the largest total movement in twenty-

four hours was 212.3 miles, from 7 a. m. May 7 to 7 a. m. May 8 ; the least 59.2, between the same

hours May 4 and 5. The highest velocity observed was on April 30, during the passage of a

squall which was characterized by wind without rain. At 12.35 p. m. the anemometer registered

1 mile in 3'" 40", the equivaleut of 10 miles an hour. The wind usually increased during the pas-

sage of the heavier showers.

METEOROLOGICAL OBSERVATIONS BETWEEN APRIL 25 AND MAY % 1883.

The observations given below were made with the following instruments:

Aneroid barometer, Hottinger, 3241.

Dry-bulb thermometer. Green, 799, stem graduated.

Wet-bulb thermometer. Green, 797, stem graduated.

Maximum thermometer, Green, 725, stem graduated.

Minimum thermometer, Green, 710, stem graduated.

Minimum thermometer for use at ground. Hicks, 5521, stem graduated.

Robinson's anemometer. Green, 111.

Tlie readings of these instruments are given exactly as recorded, with the following exceptions

:

The readings of the maximum thermometer have been corrected by the amount— 0°.5, deter-

mined by thirty-seven comparisons with the dry bulb made April 27-30.

The readings of the minimum thermometer. Green, 710, have been corrected by the value.

-f
0O.4, determined by sixty-two similar comparisons; those of the minimum thermometer. Hicks,

5.521, by + 2O.0, determined by forty similar comparisons. The large correction to the latter was

due to a bubble in the instrument, which was several times removed, but as often formed again.
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The readings of the aneroid barometer have been reduced by appl^'iiig the corrections for

instrumental error, temperature, and elevation. These have been obtained as follows:

REDUCTION OF OBSERVATIONS MADE WITH ANEROID I5AR0MKTKR, HOTTINGER, 3241.

Comparisons between aneroid barometer, Hottinger, 3241, and mercurial barometer, Green, lit.'JG.
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Comparisons between dry bulb thermometers, Green, 7d9,p}aced in the instrument shelter, and Green,

811, read afttr being swung rapidly through the air.

[These comparisons were made on dift'ercnt days betweeu April 25 aud May 2. The swinging of Grekx, 811, was
repeated seTiral limes until it seemed certain that it had assumed its true reading. The dirterencesonly between

the readings are given. The instrumental corrections to both of these thermometers are O.O.]

811—799.

I. Before extra roof
was i)laced upon
shelter.
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APRIL 26, 1883.

47
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APRIL 30, 1883.

o
w
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MAY 2, 1883.

o
o

A. M.
6.30
7.00
8.00
9.00
10.00
10.30
11.00
11.30
12.00
p. M.
12.30
1.00
2.00
2.30
3.00
3.30
4.00
4.30
5.00
9.00

Barometer.

Observed
reading.

29. 902
.909
.915
.910
.900
.887
.870
.850

.8.32

.825

.807

.802

.805

.808

.817

.827

.845

.913

Reduced
readiue.

29. 94

.94

.95

.94

.93

.92

.89

.87

.85

.85

.83

.82

.83

.83

.84

.85

.87

.94

Thermometer.

Dry.

81.6
82.0
84.0
84.8
86.0
87.3
87.0
87.8
87.8

87.4
87.0
87.1
86.7
84.5
84.5
84.0
83.1
82.7
81.0

Wet.

76.0
75.5
76.2
76.7
76.8
78.4
78.0
77.5
78.9

78.0
77.9
78.0
78.0
76.2
76.6
76.0
75.7
75.6
75.0

a
a

«

78
72
67
68
66
65
66
61
66

62
66
66
67
67
67

68
68
73
74

a

a
<1

246.8
250. 3
258.1
265.2
270.7
272.4
273.

6

274.8
276. 6

277.9
278.9
279.7
280.0
280.

5

281.4
282.

1

283.5
284.7
292.7

•a
a

NE.
NE.
NE.
NE.
NE.
NE.
NE.
NE.
NE.

NE.
NE.
Calm
Calm
NE.
NE.
NE.
NE.
NE.
NE.

Fair.
Clear.
Clpar.
Clear.

Clear.
Clear.
CK'ar.

Clear.
Clear.

Clear.
Clear.

Clear.
Clear.
Clear.
Clear.

Clear.
Clear.
Clear.
Clear.

3 cum.
2 cum.
1 iiim.

2 cum.
1 cmii.

1 cnni.

1 Ctlltl.

1 cum.
0.

0.

0-

0.

0.

0.

0.

0.

0.

0.

1 CUU'.

Clouds.

Miscellanemts.—Minimum, 80.2. Minimum at ground, 80.8. Maximum, 88.7.

MAY 3, 1883.
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MAY 4, 1883.
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MAY 9, 1883.
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Condensed meteorological summary.
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TOTAL MOVEMENTS AND HOURLY AVERAGES.

55

Date.
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GENERAL WEATHER CONDITIONS.

Tlie sky during the early portion of the 6th of May was partly cloudy, and the clouds

threatened rain. Slight showers occurred between 8.00 and 9.00 a. in., and a heavy shower at

9.15 a. m., after which the sky cleared. But at no time during the day was the atmosphere free

from a haze, which was apparent to the eye and also showed itself in the readings of the instru-

ments. The relative humidity was above the average, being 81 per cent, at noon and 74 per cent.

at 2.00 p. m., and the radiation instruments gave lower readings than on other days, especially in

the morning. Passing clouds prevailed during the day, but interfered only a little with the

observations of the eclipse. At the first and fourth contacts there were no clouds in the vicinity

of the sun. Itnniediately after the second contact a light clou<l i)a8sed over the eclii)sed sun, and

remained for a portion of the first minute of totality. There wei-e no clouds during the remainder

of the total phase, but immediately after third contact a cloud again covered the sun for forty

seconds. Another cloud, heavier than its predecessors, obscured the sun for several minutes,

beginning with the fifth minute after third contact. It will be seen from the above that the

observers were especially fortunate in the weather at the time of totality, but it should be remem-

bered that at all times the atmosphere was hazy. The wind blew steadily during the day, aver-

aging 8.3 miles an hour, as recorded by the anemometer 9 feet 7 inches above the ground.

BAROMETRIC PRESSURE.

The barometric observations show a slight, but well marked, rise in pressure during the

eclipse. In order to determine whether this phenomenon has any real relation to the eclipse it is

necessary to inquire whether a similar result might not have occurred on other days, and, also,

what was the usual course of pressure between 10.00 a. m. and 1.00 p. m. The regularity of move-

ment in the pressure from day to day renders such an inquiry possible, even though the observa-

tions extend over a short period.

On six days preceding the eclipse half-hourly observations of pressure were made between

10.00 a. m. and 1.00 p. m. These reduced are as follows:



Fig. 16.

BAROMETRIC CURVE DURING ECLIPSE.
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Fig. 17.

TEMPERATURE CURVE DURING ECLIPSE.

Air



SOLAli EOLIPSE, MAY 0, 1SS,3. 57

The foUowiiif; tabic coiitaitis the reduced readiiij;s for May (I, and a coiiii)aii.soii w itli values

iiitcr|)olatcd IVoiii tlu' iiicau values above given.

BAROMETKIC PKESSUKE

Hour.
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age, ami tliat nt l.oO p. in., after its close, it was O.S below. Interpolating from these values the

diftcrences which would probably have existed at the time of the eclipse had there been no

unusual phenomenon, we have the values of the effect of the eclipse given in tlie last column

under the heading " Depression."
AIR TEMPERATURE.

Hour.



Fig. 18.

CURVE OF RELATIVE HUMIDITY DURING ECLIPSE.
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WIND.

TIio pieseut eclipse funiisljcd au unu.sually favorable opportunity for determining any ductua-

tions that might occur in the direction and velocity of the wind caused by the eclipse. The

regularity of the wind from day to day, both in direction and velocity, made it possible to obtain

a reliable basis of comjjarison. Observations were made every live minutes from 10.00 a. m. to

1.15 p. m., with the result that no appreciable change was detected cither in direction or force.

The wind blew with almost the same velocity from the eastward during the period of time occupied

by the eclipse. The following table gives the ob.served velocity in miles for every ten miimtcs

from 10.00 a. m. to 1.30 p. m.

:

Time.
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tbougUt ii tabiilatiou of the hourly .speed of the vessel might give some imlicatioii of the diurnal

course of the wiud velocity. The following table was therefore made, which gives the hourly

speed, taken from the ship's log, through the courtesy of Cajitaiu Carpenter. It will be seen that

the mean values show a distinct increase in the evening and a corresponding decrease in the

morning, with the maximum at 11.00 p. m. and the minimum at 11.00 a. m. It seems fair to attribute

this to the diurnal variation in the wiud velocity. There is (juite an unexpected regularity in the

progression when we consider the approximate nature of the method. If not attributable to

diurnal change in the wind itself, it yet indicates a diurnal change in the eli'ect of the wind upon

the sails, and is therefore of interest.

Hourly speed of the U. 8. 8. Hartford, March 23-April 13.

Date.
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OBSERVATIONS OF SOLAR RADIATION.

Ill Milditioii to tlic. oidiimry metcoroloyiciil observations, ;i scries of obsorvatious of solar

liuliatioii was planned. Their objeet was primarily to furnish a basis of comparison for the obscr-

\ations made with the same instruments durinj;; the eclipse, but they also furnish a means of diiter-

iiiinint;' the intensity of the solar heat on the days upon which the readinj;s were made. They arc

of es])ccial interest on account of the position of the observing station.

Two kinds of instruments were employed, furuisbed through the kintbicss of the Chief Signal

Officer.

1. Conjugate thermometers of the MAuii:,-L>KYY pattern.—These were made especially for the expe-

dition bj' Messrs. J. & H. J. Grbkn, New York, and consisted of a l)lack and bright bulb ther-

mometer, each inclosed iu a vacuum,* the iuclosure being spherical in shape where it surrounded

the bulb of the thermometer. The diameter of the iuclosure was 2.15 inches, the bulb being cen-

trally situate<l within it. The thermometers themselves were of the ordinary pattern with large

graduations on the Fahrenheit scale. Instruments of this class are sometimes made with maxi-

mum thermometers, but this is very iucouveuieut where readings are to be made at stated times

during the day. Two pairs of instruments were used, nundjcred 1, 2, 3, and 4 by the makers.

2. Violle's conjugate Imlhs.—These consisted of two hollow copi^er spheres 4.04 inches in diam-

eter, one blackened, the other gilt. In eacli was placed a thermometer graduated to half degrees

centigrade, with its bulb blackened and located centrally within the sphere.*

In addition to these special instruments, two ordinary thermometers, (Ikeen 113G and 1137,

were exposed in the sun, with the bulb of the latter blackened. The difference of the readings of

these thermometers is an approximate measure of the solar radiation, but the result does not have

the value of either of the other methods.

The conjugate thermometers were mounted upon l>rass supports 7 inches high, and each pair

of supports was screwed to a board i)aiutcd black. The boards were placed upon the ground iu

an open grassy si>ot selected with especial care for these observations. The thermometers w ere

nearly horizontal, but sufficiently inclined, bulb downward, to secure an unbroken column of nier-

cury. The inclosures of the thermometers constituting a pair faced each other at a distance of

several inches, the white bulb toward the east. The board containing the instruments was turned

at frequent intervals during the day iu order that they might have approximately the same posi-

tion with regard to the sun. The Violle bulbs were mounted each upon a wooden stand 10 inches

above the ground, with the stems of the thermometers projecting horizontally toward the south or

opposite the sun. The ordinary thermometers were exposed horizontally, each attached by a brass

sujjport to the corresponding thermometer of the conjugate pair, and situated a couple inches

above it. The instruments thus placed were in a fa\'orable position for the desired observations,

which were made hourly or oftener upon every clear day during the stay upon Caroline Island,

beginning with April 27.

*Thc instruments devised by Marid-Davy are described iu tlio Bulletiu Mensuel do I'Obs. Phys. Ceutral de Mout-'

souris, 1873, ]). 80, and 1874, jip. 131 aud 189.

*A full description of these iiistrumeuts, with the formula for reducinj; the readings, is'giveu iu " Sur la Kadiation

Sola ire," by M. J. Viullu, Paris, 187'J.
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The following table contains the observatious iu detail

:

FKIDAY, APRIL, 27.

Tiuio.
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SUNDAY, APRIL 29.

Tiino.
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TUESDAY, MAY 1.

Tinio.
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THURSDAY, MAY '.5.

G5

Tlino.
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Pig. 19.

CURVES OF BLACK AND BRIGHT BULB THERMOMETERS DURING ECLIPSE.

Temp
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Special observations in connection with solar eclipse—(Joiitiiiucd.

SUNDAY, MAY G—ContiiiiuMl.

'
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1. ItEDUCTION OF OBSEItTATIONti MADE WJTII THE CONJUGATE TEEItMOMETEBS.

The bulletins of the Central Physical Observatory of Montsoiiris contain a general description

of tlie instruments, but no rigid investigation of tbeir theory. The differences between the read-

ings of the black and bright therniometers are taken as a measure of the sun's intensity, and are

used in the formula T— t — dp', in which T', t are the readiug-s of the therniometers respectively,

fi the solar constant, jj the diathermancy constant, and e the thickness of the layers of atmospheric

air traversed by the solar rays. It is recognized, however, that the values of obtained by this

formula are not the true solar constant, but vary with the iustrnments used,* having a value of

17° in the instruments used at Moutsonris. For the purposes of comparison of the observations

made from time to time, it is snggested that a conventional value of 100° be adopted for H, and

that observations with different instruments be reduced to this standai'd by multiplying by a

factor depending upon the value of H for each instrument. At Montsouris, where 6 = 17° for the

])nir of instruments described, the factor is Yt"- = ^-SS, and the product of the observed differences

T' — t by this factor is called the "actimometric degree." In the case of observations made in

1873 and 1874 the ditt'erences 1' — t are published, but in observations since that time the acti-

mometric degree is computed.

Quite recently a rigid investigation of the theory of these instruments has been made by

Prof. William Fekrkl, and is to be published in Professional Paper of the United States Sig-

nal Service No. XIII. It assumes the law of Diilong and Petit, and derives formula? for

deducing the solar intensities and also the solar constant. Through the courtesy of the author,

the formula; have been furnished for this computation in advance of their publication. They are

as follows:

" Let ti = the temperature of the black bulb.

^'i = the temperature of the bright bulb.

II' — the temperature of the inclosure (shade temp, approx.).

I = the intensity of solar radiation (calorics per minute on square centimetre).

n = constant 1.0077 (log tx — ., ^^
1
ui

= constant to be determined from observation.

We have then the following relations:

(1) I = 4.584 (yu»— ;u»') = 4.584 /^e'(;^»-e'— l)

(2) I = 4.584 (//«— |<''')c= 4.584 /('" (yi^e_s._l)c

(3) //e. = P/<''.+ (l-c)/A"

From (1) the intensity is obtained from the readings of the black bulb in vacuo and the air

temperatui'e, which is approximately equal to that of the inclosure, or from (2) the intensity is

obtained from the readings of the black and bright bulbs in vacuo, the constant c being obtained

from (3). The method assumes that c can be obtained from observation, and thus the readings of

the black and bright bulbs in vacuo be used in computing the solar intensities; 0, o„ and o' are

expressed in centigrade degrees.

* Bull. Mens, de I'Obs. Phys. Centr. de Moutsomis, 1874, p. 189.
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It first becomes neces«ary to compute the constant c. From (3) we have

—

e
"'

*'
0,

M — M

111 order to oI)tain Mie value of c under varying' conditions, observations were selected IVoiii

difierent days and at dillerent times of tlie day. Tlic, following table contains the observations

used and the resulting values :

Computation of c.

Diito.

April 27
28
30
30
30
I

2
2
2
2
2

M.ay

Time.

9. 00 a. 111. ; Vi. ir> p. ni.

9.35 a. 111. to 2. (IS p. m.
3. OOji. in. to .'•>. (lOp. n;.

7. 00 a. III. ; 5. 00 p. in.

9. 00 a. 111. ; 3. 00 p. ni.

(i. ri.^> a. 111. to 10. 30 a., m.
10.30 a. ni. to 2. 30 p. in.

11.30 a. ni. to 12.3(1 p. in.

7.00 a. in. ; 5.011 p. in.

10.00 a. 111. ; 2. 00 p. ni.

8. 00 a. III. ; 4. 00 p. in.

No. of
olia.
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MAY 2.

A. M.
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Computation of solar intensities—Ooutinucd.

APEIL 29.

71
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A. M.
10.00
10.30
11.00
11.30

.')8.

6

61.4
CI. 2
G1.2

Computation of solar intensities—Contiuued.

MAY 2.
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mercurial thermometer in the instrument shelter, reduced to centigrade measures. In a few cnses

tlie values were obtained by interpolation.

The column of differences [a — b) shows the discrepancies between tln^ two methods. The signs

are + for ruorniug and evening values, and — for those in the middle of the day, as should be the

case by taking a constant value of c. A comparison of the two methods shows no reason for

jtreferring one to the other. The one which introduces the value of c—equation (2)—is open to the

objection that it assumes a constant value for c which it has been shown is only approximately true
;

it is possible that the deviations from constancy are due to the circumstances of these particular

observations, and that consequently the intensities are not strictly accurate as computed. On the

other hand, the method which uses the shade temperatures—equation (1)—is open to the uncertain-

ties in the observations of that quantity, and assumes that these temperatures may be adopted as

the temperatures of the inclosure of the black bulb thermometer. There seemed to be no reason

for giving preference to either of the reductions. The last column contains the 7nean of the two

series of values, which are adopted as the solar intensities given by the conjugate thermometers.

2. RKDVCXION OF OBSERYATIOIfS MADE WITH VIOLLE'S BULBS.

The theory of these instruments is given by the inventor in his work upon solar radiation,

above referred to, pp. 17-22*. According to the method there explained, the intensities may be

obtained bv the equation:
M U'

iu which

M = the difference between the reading of the thermometer in the blackened sphere and the

air temperature.

.
«' = the difference between the reading of the thermometer in the gilded sphere and the air

temperature.

a = the absorbing power of the gilded sphere in terms of that of the blackened sphere.

K = a constant depending upon the instrument, and found by the methods explained,

if K is undetermined, relative intensities can be obtained by the equation:

uu'
1 = u'— au

. In this equation the quantities u and n' are obtained directly from the observations, but the

constant a must be derived experimentally. After the return of the expedition, a number of

observations of this constant were made by screening the spheres and ol)serving the rate of cooling

of each, and also by observing the rate of increase of temperature when full sunlight was allowed to

fall upon them after they had assumed the shade temperature behind the screen. The experiments

gave the value a =0.5, the large value being due to the tarnishing of the gilt, which was caused

in ])artby the effect of the sea voyage. It is in part also apparently due to the poor manner in

which the gilding has been done, as the same deterioration has been found in instruments which

have never been used in actual work. Similar observations with a pair of instruments in which

there was a good polisli on the gilded sphere gave the value a = 0.3. It was decided to use the

value 0.1 in the reduction as probably representing nearly the correct value for the condition

of the gilt at Caroline Island. An approximate value is sufficient for determining the relative

intensities, which is the aim of the present investigation.

The following table contains the computation for the same dates aiul times at which the

readings of the conjugate thermometers were reduced. Other observations were reduced, but

it is thought unnecessary to give the computation, as they sliow discordances due to the effect

of passing clouds to a greater degree than those here given.

* See also Annales de Chimie et de Physique, 5= s6rie, t. XVII, 187t>.

S. Mis. 110 10



74 MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES.

Computation of relative solar intensities.

[Violle'.s Ijiilbs.

]

APRIL -28.

Time.
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Computntion of relative solar intensities—Coutiuued.

MAY 2.

Time.
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3. REDUCTloy OF OlSSERyATIOSS MADE WITH THE BLACK AND BRIGHT THERMOMETERS EXPOSED IN FULL
SUNLIGHT, DVT NOT IX TACVO.

The snme forimila used for tlie reduction of observatiou.s with Violle's bulbs .serves for the

computation of .'-•olar intensities from readiug.s of bhick and bright bulb thermometers not in

vacuo. The absorption constant a i.s, however, different. In the computation, the results of

which are given in the following table, the value a = \ is adopted as representing the theoretical

value of the radiating jjower of the bright bulb in terms of that of the black bulb :

Computation of relative solar intensities.

[Black and bright bulbs not in vacuo.]

APRIL 28.

Time.



SOLAK ECLIPSE, MAY 6, 1883. 77

Computation of relative solar intensities—(Jontimied.

MAY 2.

Time.
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has beeu talven as 1, aud the intensities at otlier times divided by tlie intensities given by each

method at the chosen time. lu the first two methods the relative values are less than 1, because

the intensities at 12.00 on May 1 are the highest observed (with one or two exceptions) ; but in the

last method there are values greater than 1, because this is not the case. The relatively small

value at 12.00 on May 1 seems to be due to accidental conditions.

The following table contains the relative intensities by the three methods

:

Comxi<(rison of relative intensities by the three methods.

APRIL 28.

Time.
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Comparison of relative intensities hy the three methods—Continued.

MAY 2.

Time.
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Mean relative intensities observed at the same Jionr on two or more (l((ys by the three methods.



rig. 13.

CHART OF RELATIVE INTENSITIES.

1
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ill (lie times of the inaxiiiiiiin readings, the Violle bulbs reaching the niaxiinuiu one hour hiter

than the conjugate theriiioiiieters. This shows that the former are sluggish in their action, and at

any given time show the intensity not for that time but for a time already past by many minutes.

The sluggishness of the Violle bulbs was also indicated by the long time which was required after

the passage of a cloud before their return to a normal condition.

5. The curve corresponding to the intensities given by the conjugate thermometers represents

the relative solar intensities as accurately as the observations permit for the period April 28 to

May 3. It is impossible to give any mathematical estimate of the uncertainty of the numerical

values which would be obtained from this curve. It is probable that the values are liable to an

uncertainty of several hundredths, but not as great as a tenth. They may' be accepted as the

final values of the relative solar intensity obtained at Caroline Island. Expressed in terms of the

12.00 value they are as follows:

Relative solar intensity at Caroline Island, April 28 to May 3, 1883.

Time.
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If 2^ is not constant during the day then dp + t S'p must be substituted for Sj) in the hist

equation.

In § 1 there have been given values of the solar intensities obtained from the readings of the

conjugate thermometers. These, after the rejection of a few discordant observations, were used

in the above formulae for deriving values of A and p. The first step in the computation con-

sisted in the computation of the values of e for different hours of the day by means of the well-

known formuliB

—

e = sec « cos z = sin jc sin 5 + cos <p cos 8 cos h

in which

—

z = sun's zenith distance,

S = sun's declination,

h = suu's hour angle,

(p = latitude of the station.

A table was computed from which the values of e were obtained for each observation.

Approximate values of A and jt> were then obtained by trial computations with equation (4),

using a few of the observations on each day. The following were adopted :
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Table II.

—

Compariso^i of computed and observed solar intensities,

APEIL 2<).
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Table II.

—

Comparison of computed and observed solar intensities—Continued.

MAY 2.
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The corresponding values of p are 0.735 and"t).751, respectively. Early morning and evening

observations are wanting on April 29 and May 3, and wben this is the case values of A between

2.2 and 2.0 will satisfy the observations with nearly equal accuracy. It seemed best, therefore,

to adopt for the final value that obtaiue<l on the dates April 30, May 1 and 2, viz

:

A = 2.322

Reducing to the sun's mean distance we have finally

:

A = 2.285

RADIATION OBSERVATIONS DURING- THE ECLIPSE.

There has already been given a detailed account of the observations of solar radiation made
from day to day, and the methods of reduction by which values of the solar intensity were

obtained. On the day of the eclipse, readings were made from 10.00 a. m. to 1.15 p. m. by Seaman
J. C. Harold, of the Hartford. They were made every two minutes from 11.30 to 11.40, in which

interval the period of totality was included, and every five minutes at other times. Flying clouds

concealed the sun at occasional intervals, and therebv affected the observations to some extent

but the results are quite satisfactory. The instruments used were conjugate thermometers Nos.

1 and 3, Violle's bulbs with black-bulb thermometers Nos. 742 and 751,. and ordinary black

and bright bulb thermometers Nos. 1137 and 1136. The observer made readings to the nearest

half degree. The observations in detail are given in connection with those of other days.

The design of the observations was to determine what proportion of heat received by the

earth was cut ofl' by the concealing of the sun, and also the shape of the curve representing the

varying solar intensity. The necessary computations were made on the plan already fully

explained. The following table contains the results of the computation; the air temperatures

were interpolated from the curve previously given.

Solar intensities during eclipse.

Time.
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Solar intensities during eclipse—Continued.

Time.



Fig. 14.
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of the beat of tlie corona, and are not sensitive enough for .such refined measurement. Tiieir use

is to measure the efteet of heat which is received from the sun and by reflection from the atmos-

phere—the heat which is a factor in causing vegetable growth; they do not claim a position as

delicate physical instruments. The observations show tliat during the eclipse the amount of heat

gradually diminished until practically none was recieived, and the temperature of night was

attained.

2. The maximum point of the curve in the first partial phase is at about 10.08 a. m., or four

minutes after the first contact. This four minutes covers whatever tardiness the instruments

possess, as well as the natural increase of solar heat in the morning, until it was overbalanced

by the direct cufctiug off of a jtortion of the sun's heat. The ininimum point of the curve is at

about 11.40 a. m., or tliree minutes after the ob.served time of third contact. This time is some-

what uncertain, as from the nature of the case this portion of the curve is drawn arbitrarily, the

intensities having become indeterminate. The second maximum is at 1.15 j). m., four minutes

after the last contac was noted. The afternoon observations do not indicate as great intensities

as the morning, as is further indicated by the computed diathermancy constants given below.

The sky was observed to be quite hazy as the day advanced.

3. A measure of the clearness of the atmosphere can be obtained by computing the constant

J) in equation (4), using for A the viilue 2.322, and for / the intensities computed from the

observations. This computation has been made for the two observations at 10.00 and 10.05 a.

m. at the beginning of the eclipse, and for those at 1.15 and 1.30 p. m., after its close. The fol-

lowing are the results

:

Time.
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Mr. Upton also made a collection, which, however, arrived in such a condition as not to allow

of accurate discussion. Dr. Dixon's memorandum accompanying his collection, is as follows

:

"The vegetation of these coi-al islets is luxuriant, and in some tortious quite dense, yet

the variety of species does not cover a wide range.

" The botanical specimens gathered comprise the entire flora of the islet occupied by the

United States Eclipse Expedition, excepting two varieties of portulaca, the cocoa-nut palm,

pine apple, papaw, and pandanns. Of the trees, there being several varieties, there were

procured leaves, old and young bark, and flower and fruit where possible.

" The smaller plants yielded stems, root, and the flower, etc., when present.

" Two varieties of grass were also obtained.

"The pandanus, portulaca;, cocioa nut, fig, papaw, and pumpkin were recognized.

"A large tree, forty or fifty feet in height, with a trunk four feet in diameter, is probably the

Pisonia grandis.

"The wood of a small tree. No. 7 (in collection), is capable of a high polish. Some of the

specimens may deteriorate and become unrecognizable, but the limited means for preservation at

hand were fully made use of. Large roots and fruit are preserved in a box, numbers corresponding

to appropriate specimens between bibulous papers, being; affixed." .

The report of Professor Trelbase is given below :

University of Wisconsin, Botanical Laboratory,

Madison, Wisconsin, September 18, 1883.

Dear Sir : I have the honor to present to you the accompanying report on the flora of

Caroline Island, based upon the collection made under your direction by Dr. DixON, U. S. N., and

submitted to me for examination. Very respectfully,

WILLIAM TRELEASE,
Prof. E. S. HOLDEN.

REPORT ON THE COLLECTION OF PLANTS MADE BY DR. DIXON, U. S. N.

(By William Trelease.)

The following list comprises the entire flora of Caroline Island, wild and cultivated, exclusive

of Algae, of which but one specimen was preserved by Dr. Dixon. In one or two cases no speci-

mens were collected. The identification of these species (inclosed in the list in parentheses) rests

upon the collector. In naming the collection I have been much indebted to Dr. AsA Gray, whose

profound knowledge of the South Sea flora has rendered possible the identification of several

species which were represented by very imperfect specimens.

The species not included in the botany of the Wilkes exploring expedition are marked with

an asterisk in the list. With the single exception of Fleurya Tuderalis, which was collected on

the island adjacent to that occupied by the Eclipse party, the plants are from the island occupied

by the party.

Beside the species enumerated, one lily, or amaryllis (" No. 4"), was collected, of which the

collector says: " Flower, 4 inches long, white, with brown lines, etc. Specimen destroyed, nearly.

Stalks 18 inches high, bright green." The material is insufficient for identification.

Crucifer^.

Lepidium piscidium, Forst., Prodr., 249.

" Pepper-grass, No. 9."
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PORTULACE^.
{rortulaca, ^ik)"!

" Two varieties of portulaca" recognized.

GUTTIFERiE.
Galophyllum inophyllum, L., sp., 732.

" Wood cai>;ible of liigh polisli, No. 8."

MALTACEtE.
Sida fallax, Walp., Eel. Meyen., 306.

'' Only one specimen found, No. G."

SlMARUBE^.
Suriana maritima, L., Spec, 284.

Passiflore^.
Carica papaya, L., Sp., 1466.

Cultivated for its fruit.

*{Gucurbita pepo., L., Spec, 1435.)

Recosfuized iu cultivation.

Cucurbitace^.

KtJBIACEiE.
*Morinda citrifolia, L., Spec, 250,

" Height of tree, 15-20 feet ; branches low ; No. 1."

BORAGINE^.
*Gordia subcordata, Lam., 111., 1899.

"Tree, soft, high; lower branches touching the ground."

*Tournefortia argentea, L. lil., Suppl., 133.

" Eight feet high, clumpy, light green."

*Hcliotropium anomalum, Hook, and Arn., Bot. Beech. Voy., 66.

" Six inches to 18 inches iu height ; flowers white ; No. 3."

SCROPHULARINE^.

*Busselia juncea, Zncc, Flora, 1832, II., Beibl., p. 99.

" One specimen only. Ground, and over tree stumps ; No. 2." A native of Mexico, probably

introduced for its flowers, as it is widely cultivated.

Nyctagine^.
*Boerhaavia, Sp. ?

"Vine creeping over ground and coral rock; leaves light green." Represented by a frag-

meut which does not admit of further identification.

*risoma grandis, R. Br., Prodr., 422.

" A large tree, 40 or 50 feet high, with a trunk 4 feet in diameter."

Chenopodiaceje.

*Boussingaultia baselloides, H. B. K., Nov. Gen. et Spec, VII., 194.

"Vine climbing over portico."

EXJPHORBIACE^.

*Euphorbia piluUJcra, L., Amoen. Acad., III., 114.

*PhyUanthus Niruri, L., Spec. PI., 1392,

Drticaoe^.
*Ficus carica, L.

Cultivated for its fruit.

Fleurya ruderalis, Gaud., Voy. Urania, 497.

S. Mis. 110 12
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Bromeliace^,

*Ananas sativa, Schult., Syst. "Veg., VII., 1283.

Kecoguized in cultivation.

Palm:^.
*{Cocos nucifera, L., Flor. Zeyl., 391.)

Eecognized in cultivation.

Pandaneje.
{Pandanus, Sp.)

No specimens were collected, but I learn from the notes of the collector, and from Professor

HoLDEN, that one or more of the screw pines were found growing in various parts of

the island.

Geamineje.
* ? Panicum [Digitaria) marginata, Lk. ?

Apparently identical with No. 6 of Wilkes Expl. Exp., from Cape Verde Island, in the Gray

herbarium, but in poor condition.

*Meimne Indica, Gaertn., Fruct., I., 8.

*Eragro8ti8 plumosa, Lk.

*Lcpturus repens, E. Br., Prodr., I., 207.

FiLICES.

*Polypodium phymatodes, L., Mantissa plant., 3G0.

Alg^.

*IIalimeda triloba, Deng, f One specimen collected by Mr. Upton.

FuNai.
* Olwosjwriuin GalophyUi, n. sp.

On fruit of Calopliyllum inopliyllum, L. Spores unicellular, elliptical or oblong, straight or

somewhat curved, obtuse at both ends ; coarsely granular or with a few large oil

globules; 4x18 /j, oozing out in salmon-colored masses."

4 fi. NOTES ON THE ZOOLOGY OF CAROLINE ISLAND BY DR. DIXON, U. S. N.

The following notes on the zoology of the island were furnished by Dr. Dixon.

"Although remotely situated and rarely visited by man, these insignificant points of land—mere

dots upon the bosom of the broad Pacific—are, in some particulars, well stocked with rei)resenta-

tives of the animal kingdom. They cover a wide I'ange in class, order, genus, and species. An
enormous number of birds occupy several of the islets; and being devoid of fear, or perhaps

ignorant of human enemies, a few of them permitted handling without an effort on their part to

escape until after their capture had been effected.

While nature has been lavish in the bestowal of gorgeous colors to almost everything about

these coral formations, yet the plumage of the birds is renuirkably plain. The members of the

feathery tribe, covering a small scope, may be classified thus

:

Order : Orallatores :

Plover.

Heron (probably Ardeajugularis, two varieties, brown and white.)

Curlew.

Snipe.

Order : Longipennes :

Seagull, two species.

Terns, two species (one with all the feathers white, and the noddy.)
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Oeder : fotipalmes

:

Gaunet.

Booby.

Frigate bird.

There were great numbers of the frigate bird on several of the islets ; and there appeared

to be two distinct varieties, one with a large red ponch, the throat being white. The pouch could

be wrinkled to a very small size. One, with pouch, was seen to swoop down from a high tree, in

which were numerous nests, to the lagoon, make three distinct scoops in water and then return

homewards with pouch enlarged. Professor Holden reports hearing the notes of a singing bird,

but he did not see the bird.

The insects are numerous, but cover a limited range.

Order : Coleoptera

:

Beetle.

Weevil.

Order: Orthoptera:

Cockroach.

Croton bug. The Eclipse Expedition is probably responsible for adding at least one

member to the insect family, for many croton bugs appeared when stores and

instruments were impacked.

House cricket.

Grasshopper.

Order : Hymenoptera

:

Ants, two varieties, and very numerous.

Order : Lcpidoptera

:

Butterfly, a dozen or more varieties. A collection of the butterflies was made by M.

Palisa and presented to Professor Holden.*

Moth, several species and very numerous.

Order : Homoptera :

Plant lice.

Order : Biptera

:

Gnat.

Flesh fly. Domestic fly. Very numerous; a small fly; yellowish; very quick in its

movements and generally found in the presence of decaying animal matter.

The Saurian reptiles have but one representative, the lizard, of which there are three species.

The Chelonian reptiles are represented by one family of sea-tortoise or turtle, which, however, is

not very numerous.

The Arachnidans make also but a single exhibit in the spider, of which there are two species.

Contrary to expectations, only one centipede was seen, the giant representative. The brown rat

has a foot-hold, but is not numerous. Their nests were made in the cocoa-nut trees, just at the

base of the fronds.

There must be some connection between color and tropical heat, because even the most

contemptible things possess chromatic gifts that make them attractive. Fish are given the most

marvellous embellishment, the variety of color combinations being infinite. Not a tint is out of

pla<;e, nothing is harsh or strained, and the quiet pools within the outer reef, occupied by living

* A memorandum on the butterflies follows this section.—E. S. H.
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gems of blue, gold, silver, and green, make a picture never to be forgotten. Many of the fish are

timid, and dart quickly away upon the slightest provocation, while others appear indilferent to

capture, and may be easily caught with the hand.

The basins and indentations of the outer reef afford safe retreats for many wonderful forms

that live in these warm seas. A view of such a grotto, with its growing coral and brilliant and

gaudy fish, fully confirms the praise bestowed by nearly all visitors to these South Sea Islands.

Even the shark, eel, gar-fish, and other common forms have their charming gifts, only in less

degree than the chaitodou and parrot-fish.

The coral reef is a field pregnant with life, and offering the most beautiful and curious forms

imaginable for observation and study.

Detached pieces of coral form the hiding places of hosts of small fish, crabs, shrimps,

star-fish, mollusks, etc., and myriads of microscopic beings. The following list is only a

partial inventory of the different forms observed

:

EcMnoderms

:

Brittle stars {opMurida;), several varieties.

r sun star.

Star-fish (Asteridw) \ cross fish.

I
knotty cushion star.

Sea urchins (echini), six varieties.

Sea cucumbers (holothuriw), three varieties.

Crustaceans

:

Ordek: Decapoda:

Sea crayfish.

Shrimp.

Racer crab (Ocypoda).

Land crab (gecarcinus).

Hermit crab, three species, which occupied eight varieties of moUusk shells. Their

number is enormous. They were found even near the tops of small trees, whither

they had gone carrying a shell of several times their own weight.

Of the Cephalopods the only one seen belonged to the family of the Octopodidae, the eight-

armed cuttle.

Although the habitat of many varieties of mollusks, we had not the facilities for procuring

many of their shells, and some seen could not be identified. The following list, therefore, is not

a complete one

:

Sea trumpet (Triton).

Frog shell (Eanella).

Spindle shell (Fusus).

Spotted needle shell (Terebra).

Cowrie (Cyprseidae), eight varieties.

Common top shell (Trochus).

Pinna (Pinna).

Scallop (Pecter), several varieties.

Cui) and saucer limpet (Calyptnea).

Clams (Tridacuidto), and others.

Stromb shells (Strombus), several varieties.

Whelks, volutes, etc."

MEMORANDUM OF THE BUTTERB^LIES, ETC., OF CAROLINE ISLAND.

(Collectiou by Dr. Palisa; iilontifications liy Dr. AuTiiUK BuiXEii auil Mr. Hermann Strecker.)

Dr. Palisa, of the French expedition, made a complete collection of the lepidoptera of the

island, which he has taken to Vienna for identification. At my request, he was kind enough to

make as comiilete a collectiou as was possible of duplicates, which were presented to us. This
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latter collectiou contained thirteen specimens, and throngh the kindness of my colleague.

Professor Owen, of tbe University of Wisconsin, it was submitted to Dr. Hermann Strecker,

of Heading, Pennsylvania.

Dr. Strecker was prevented from making a careful study of tiie collection, and returned it

with the identification of five specimens, viz

:

1 Utethesia palchella, L.

4 Diademu bolina, 3 5,19.
One of the latter (a male) and the other eight specimens were sent by me to Dr. Arthur (K

Butler, assistant keeper of the zoological department of the British Museum. The remaining

four were presented to Professor Owen's collection.

Dr. Butler kindly undertook the identification of the nine specimens sent him, and his

report on the subject follows. These specimens are now in the collectiou of the British Museum.

It will be seen that Dr. Streckbr's Diadema bolina has been made a new species by Dr.

Butler, who has also found in this small collection three other new species, one representing a

new genus.

I desire to express here the thanks of the expedition to these gentlemen for their kindly

interest, and especially to Dr. Butler for his full report, which follows :

THE LEPIDOPIERA COLLECTED ISY HERR I'ALISA AT CAROLINE ISLAND IN IIAT, 1883.

By Arthur G. Butlkr, assistant keeper of the zoological tlepartmeiit, British Museum.

"The collection contains one butterfly of the family Nymplmlidm ; the moths are represented

by a new species of Maeroglossa, three species of NocUue, and sexes of one species of Pyrales.

butterflies.

Nymphalidji;.

Hypolimnas Roldeni. sp. n.'(No. Gl).

<J wings above, velvety, blackish-piceous, with the sinuations of the cilia white
;
primaries

with a large, irregular, oblique ])atch of glossy ultramarine blue, inclosing an oblique oval lilac

patch, irrorated with white scales immediately beyond the cell ; an oblique, unequally trifid,

subapical spot, the two upper divisions of which are snow-white, aiid the inferior division ultra-

marine, irrorated with lilac; secondaries with a large subquadrate central patch of glossy ultra-

marine, its inner edge straight, limited by the first median branch, its other edges undulated

between each pair of veins ; this patch incloses a small central aggregation of lilac scales

;

abdominal area purplish brown, with iiale sandy-brown inner edge ; body blackish ; head and

palpi white spotted ; antennal club tipped with bright cupreous ; under surface very similar to

that of H. rarite of Eschscholtz, which we have from Korth Australia and the EUice Islands, but

wanting the white band across the secondaries; the subniarginal lunate spots are also bluer, and

the apical area of the primaries is redder; it also differs from H. otaheitai of Felder in the same

characters and its greatly superior size ; expanse of wings, 75 millimeters.

The genus Hypolimnas is a difiicnlt one, chiefly owing to the great similarity of the males.

This difticulty is, however, increased in certain islands by the apparently variable tendencies of

the females, more particularly in the ground-color of the wings. How far these modifications are

constant to locality within the island can only be ascertained by careful breeding ; but as regards

forms from different islands there can be no doubt that they are locally separable.
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In the present day all genera in which the species are common, and the local forms of which

consequently are fairly well represented in all extensive collections, are the subject of endless and

useless discussion between the two classes of describers—those who regard local forms as species

and those who regard them as varieties. As a fact, however, the matter lies in a nutshell. If all

local forms are varieties, there are no species of Lepidoptera, or will not be when we have perfect

collections. Local forms are in fact the only species that exist, as is evident in the case of all

genera which are well represented in our collections. I therefore regard a local form as a species

and a sport, a melanism or an albinism as a variety. I admit no subspecies, regarding the latter

as an evasion, invented by such as do not possess sufficient courage to express their opinions.

MOTHS.

Sphingid^.

Macroglossa cinerescens, sp. n. (No. 57).

5 Nearer to M. obscura, Horsf. from Java, than to any other described species ; differing from

all the known species in the coloration of the primaries; the latter are ash-gray; the costal border

dark brown, with a basal streak in the cell and a spot (confluent with costal border) at the end of

the cell of the same color; a broad, smoky-brown, external border, widest on costa and gradually

narrowing to external angle, its inner edge darkest, forming an ill-defined band
;
secondaries dark

chocolate-brown, traversed from center of costa to anal angle by a broad, bright, ochreous baud,

its inner edge deutated, its outer edge sinuous (geschwungen) ; body grayish -brown above, the

abdomen evidently with yellow lateral spots, but the body of the type is a good deal rubbed,

having lost its lateral and anal tufts ; wings below smoky-brown, inclining to chocolate
;
primaries

with paler internal border ; base streaked with whitish ; secondaries whitish at base ; abdominal

area chrome yellow, excepting at anal angle ; a broad pale band, mottled with red-brown, from the

abdominal area to the costa ; head below white
;
pectus sordid white ; venter smoky grayish-brown,

with white-fringed black-edged posterior margins to the segments ; expanse of wings' 48

millimeters.

The genus Macroglossa contains a considerable number of nearly allied species, no less than

thirty-seven being contained in the collection of the British Museum. When the whole of the

grades can be associated in one series it is probable that they will not number less than a hundred,

possibly many more. Notwithstanding the great similarity of the imagines in this genus, the larva

exhibit the most astounding differences of color and pattern.

Xylophasiidje.

Proclenia retina (Nos. 60 and 62).

Nevria retina, Herrich-Schaffer, Europ. Schmett, II, p. 292 ; Noct., pi. 29, fig. 145.

This is a wide-ranging species, of which the following may be nothing more than an albinism
;

but as I have never seen anything like it before from any of the Asiatic or African localities where

P. retina abounds, I think it worth while provisionally to give it a distinctive name.

Prodenia evanescens, sp. n. (Nos. 59 and 03).

Slightly larger than P. retina, with the same pattern, but the primaries, with all the brown

markings, replaced by pale olivaceous; the black markings also indicated in this coh)r upon the

central belt, but towards base and external border by dull lilac, if indicated at all ; veins beyond
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the ceutral belt dull lilac; secondaries semi-transparent, opaline white as usual, but the brownish

border much paler, of a i)ale brassy-golden tint; expanse of wings 34-37 millimeters.

In the genus Vrodenui there is a considerable similarity of i)attern in most of the species, so

that the distinctness of P. evanescem is quite possible.

Eemigiid^.

Reniif/ia frugalis (No. .58).

Noctua frugalts. Fabricius, Ent. Syst. Ill, 2, p. 138.

Chaldope lycopodia, Hiibner, Zutr. Exot. Schmett, p. 25, n. 449; tigs. 897, 898.

This is a wide-ranging si)ecies, common throughout Asia and Africa.

Allied to Mesocondyla, Led., and Ceratoelasis, Feld.

BOTIDID^.

Rinecera gen. nov.

Primaries triangular, broader in the male than the female, and with the costal . border

angularly expanded, thickened at the edge to basal third, where it is succeeded by a rather deep

impression, bounded in part by a well-defined ridge; costal v^ein short, extending to the angle

at extremity of thickened basal border ; cell open, short in the male, extending to about the basal

third; slightly longer in the female; subcostal vein five-branched; the first bi-anch emitted

before the end of the cell ; in the male near to base and much abbreviated ; second to fourth

branches beyond the cell from main stem; the second branch in the male emitted at some distance

beyond the cell; the fourth branch running to apex in continuation of main stem; fifth branch

emitted separately from anterior angle of cell and close to upper radial ; the two latter nervures

are elbowed and widely divergent in the male; discocellular veinlet obsolete; the lower radial

and the three median branches are emitted close together, so that the median vein becomes

quadriramose ; submediau nox'mal; secondaries cuneiform, with angles rounded off, narrower and

more elongated in male than female; costal margin in male about as long again as abdominal

margin ; frenum long, single, held bj' a broad upcurved patch of long scaled' near base of inner

border of primaries; costal vein obsolete; subcostal thickened toward base, emitting its two

branches from a long footstalk beyond the cell ; the latter short, closed by a feebly indicated

incurved discocellular veinlet; two radials present (probably to compensate for loss of costal

vein) ; upper radial omitted from anterior angle of cell, and lower as a fourth median branch from

posterior angle of the same; body moderately robust; eyes large and prominent; palpi extending

considerably in front of head, porrected, nearly straight, compressed, compactly scaled, terminal

joint very short; antenna long and wiry, extending to about second third of primaries; in male

very aberrant, the basal joint subcylindrical, slightly compressed, a little attenuated in front;

second joint more than twice as long as first, straight, slightly contorted at proximal end,

expanded and terminating in a tuft of bristles at distal end; inferior margin flattened, coarsely

serrated, and fringed with short bristles; third joint slightly longer than first, slightly curved,

cylindrical, expanding toward distal end, clothed with long scales; remaining joints normal,

tapering toward extremity; legs long and moderately robust, femora compressed, tibial spurs

well developed; abdomen of male wanting, of female extending slightly beyond secondaries,

tapering to anal extremitj'.

Rinecera mirabilis sp. n. (Nos. 64 and 65).

Fnliginons-brown, paler in male than female; discoidal spots of primaries black, centered

with hyaline white, most distinctly in female; an angulated black baud across basal fourth; discal
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band extremely irregular ^sbaped, black, with yellow and white external border ; fringe gray,

heavily spotted with black at base; a creaui colored spot at extremity of first median branch;

secondaries crossed in the middle by a broad black Y-shaped band, the furca of which is filled

by a hyaline-white spot, the outer edge partly margined with yellowish white ; a white bordered

oblique black ^-shaped subapical stripe ; fringe white, with an interrupted black basal stripe ; a

creamy white spot at extremity of first median branch ; body above fuliginous-brown, metathorax

white; antennse and legs of male whitish with blackish bands; of female pale brown ; the legs

whitish below; venter white; wings of male below suffused with white, so that the markings,

especially of the primaries, are extremely indistinct ; expanse of wings S 19 millimeters, 9 10

millimeters.

In general appearance this species somewhat resembles Feldkr's Geratoclasis barbicornis,

next to which, I think, it ought to stand."

IDENTIFICATION OF THE SPECIMENS OF DR. FALISA'S ORIGINAL COLLECTION.

A letter received from Dr. Palisa, dated Vienna, December 1, 1S83, gives a brief account

of the identifications of his collection of 15 specimens, which have been made by Professor

EOGENHOFER.

1. Biadema bolina, L.

2. Cyllo {Melanitis Fab.), Leda L., var. taitensis, Feld.

3. Sphynx convolvuU, L.

4. Macroglossa.

5. Vtethesia pulehella, L.

6. Prodenia, sp.

7. Spodoptera achronyctoidcs, GuL.

8. Achaea JMelicertc, Am., v. Ugrina, Fab.

9. Bemigia frugalis, Fab.

10. Botys.

11. Botys phaeopteralis?

12. Aethaloessa meridionaUs, Walk.

13. Geratoclasis., new sp.

14. Hymenia {Zinkonia) albifascialis.

15. Tinea.

§ 7. CHEMICAL CONSTITUENTS OF THE SEA-WATER IN THE LAGOON AT CAROLINE ISLAND.

(Deterruiiied by Messrs. Stillwell and Gladding.)

A sample of water from the lagoon was brought home by Mr. Upton and submitted for

chemical analysis to Messrs. Stillwell & Gladding, analytical and consulting chemists,

New York. The following is their report of the analysis

:

"New York, August 8, 1883.

"Result of analysis of a sample of lagoon water from Caroline Island :

Per cent.

(
1.895

Chlorine (duplicate determinations) <
\ 1. oyo

Calcium oxide 0, 057

Magnesium oxide 0. 220

Sulphuric oxide - - - - 0. 219
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"For the purpose of coinparisou we append analyses of ocean water, by Forchhammer, taken

from Watts' Olieni. Diet., vol. VlII, ]). 1J13.5; b.v ScHMELCK, from Seience, vol. IF, p. 42, and analysis

of water from the Irish Channel, Watts' Chem. Diet., vol. VIIL, p. 213.5.
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Lifit of 23 new double .stars discovered at Caroline Island betivcen Ajyril 27 and May 7, 1883, hij

E. S. HoLDEN and C. S. Hastings.

Star.
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I very much regret that the excellent photographic apparatus constructed under the direction

of Prof. W. Hakkness, (J. S. N., for the Naval Oliscrvatory, was not utilized 0:1 this expedition.

From the results obtained with it in 1878, even before its moditication into its present form, I have

no doubt but that observations of great value could have been secured. As it was, the entire

field of iihotography was left to the English party wliich accompaTiied our own, and I must refer

to the memorandum of Mr. Lawbance, which accompanies this rei>ort, for a preliminary account

of their preparations and valuable results. Photography of the corona, etc., was also employed in

a very successful way by the French expedition under M. Janssen.

The plan of the American party proper- comprehended

—

(A.) A search for the interior planet (or planets) Vulcan, reported by Professor Watson and

also by J'rofessor Swift. This was assigned by your committee to me.

(B.) Spectroscopic observations of the inner and outer corona.

This was undertaken by four observers, namely Dr. Hastings, Mi-. Kockwell, Mr. TJi'Ton,

and Ensign Brown. The general plan of the specti-oscopic and polariscopic observations was

discussed by Dr. Hastings and myself with the other observers, but the entire credit for the

details of the observations belongs to Dr. Hastings and to the observers themselves who were

placed under his directions.

(C.) Polariscopic observations of the corona.

At my request Dr. Hastings brought with him the polariscope which he used at the eclipse

of 1878, for the purpose of attaching it to one of the spare telescopes of the party, and it was

my hope that a satisfactory set of observations might be obtained, especially because the observa-

tions with this instrument in 1878 had led to the conclusion of tangential polarization.

Mr. Preston was placed under the exclusive direction of Dr. Hastings for this duty, his

observations to be made during that i^art of totality after his observations of the time of second

contact and before his observation of third contact.

The telescope was pointed by Midshipman Doyle, and during totality Mr. Preston made 11-

pointings. When these were reduced they showed that the apparatus itself, /. e., the c )mbination

of the telescope and the polariscope, was not suitable to its object, as a subseriueiit examination

convinced Dr. Hastings and myself. I regret that this should not have been found out before-

hand, so that the services of such a competent observer as Mr. Preston might have been utilized.

The observations are not here printed.

(D.) Telescopic examination of the details of the inner corona.

This was made by Dr. W. S. Dixon, U. S. JST., with the 3.i-inch Clark telescope lent to us

by the Nautical Almanac office. A drawing of the corona with a descriptiou is given in Dr.

Dixon's report.

(E.) Observation of the contacts.

The^rs^ contact was observed by Messrs. Upton, Preston, and Brown.

The second by Mr. Preston.

The third by Mr. Preston.

The fourth by Messrs. Holden, Rockwell, Upton, Presion, and Brown.

The observation of the contacts was made entirely subordinate to more important work.

(F.) The determination of the latitude.

This was determined on four nights by IG pairs of stars, by Talcott's method, by Messrs.

Preston and Brown. Mr. Upton also determined a preliminary value with the sextant.

^G.) The determination of the longitude.
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Ist. By transport of cbronoincters. Five chronometers were carried hy the expedition from

New York to San Francisco, and kept running constiintly. These were in cliar<je of Mr. Upton

for nearly the entire time, and their comparisons, as well as the computations relating to time

and longitude, were made by him and are detailed in his report. Time-sights with the sextant

were obtained by Ensign Brown at Colon, and at Caroline Island and Honolulu by Mr. Upton.

The entire expedition is indebted to Mr. Upton for the care and regularity of his work. He also

made many of the preliminary reductions of the time observations with the transit, and in fact

cheerfully assumed, in addition to his regular work, nearly all of the routine work, which was

not originally assigned to him.
'

L'd. By moon culminations. Corresponding observations were made at the United States

Naval Observatory and at Caroline Island by Mr. Treston. These have been reduced by Mr.

Upton.

(H.) Time signals during totality.

For the photographic operations of the English expedition an elaborate programme of time

signals was necessary for the twenty-five minutes including totality, and this thankless but impor-

tant duty was assigned to Midshipman Fletcher, U. S. N., who performed it in his usual

thorough manner.

(I.) Meteorological observations.

In connection with his full series of hourly meteorological observations, Mr. Upton undertook

a special series during the progress of the ecliiise. For details in regard to these I must refer to

his imi)ortant reports on the subject.

(J.) Photographic observations.

The two English observers were expected to carry out a most elaborate programme,

iuxolving the exposure of over sixty plates with three instruments. To aid them in their work

Lieutenant Qualtrough, U. S. N., volunteered to take charge of the photoheliograph, which he

did with the assistance of Seaman Gunner Horace Yewell.

(K.) Miscellaneous observations.

Observations on the botany and zoology of Caroline Island were made during our stay on

the island by various members of the party, especially by Dr. Dixon and Mr. Upton. Their

results are given in the appropriate place. I would especially refer to the careful survey of the

island which was made by Midshipmen Fletcher and Doyle, under the direction of Lieutenant

QuALTROUGH. The principal results of this survey are given in the map of Caroline Island.

VII.—EFFORTS ON THE ECLIPSE OF MAY 6, 1883.

(«) liEFORT OF nWFESSOE EDWARD S. HOLDEN.

To Professor C. A. Young,

Chairman of the Eclipse Committee of the National Academy of i<cicnces :

Mv Dear Professor Young: In accordance with the instructions of your committee I

confined my work at the eclipse to the search for a possible Viclcan or Vulcans, such as were reported

by Prof. J. G. Watson and Prof. Lewis Swift at the eclipse of 1878.

By the kindness of the regents of the University of Wisconsin I was allowed the use of the

6-inch Clark telescope of the Washburn Observatory. This telescope formerly belonged to Mr. S.

W. BuRNHAM, and by means of it over four hundred double stars have been discovered, which

is a sufficient proof of the excellence of its objective. I employed in connection with it the zone

eye-piece of the ISi-inch refractor of the Washburn Observatory. This gave me a magnifying
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power of 44 (liaiiieter.s and a Held ol' view 54' (in declination) l)y -'.'57** (in riyiit aseensiim). Tliis

ina{>iiifyin<;' power ntilizestlie whole apertnre of the ohjecitivc.

I i)iepaied a map of tlie planets and stars in the nei};'hl>orlio(i(l of tlic sun on May <>, wlii(^ii

was iiublislicd in Science No. 3, for February -3, 1883. I arranged my i)laii of observation so that

1 coidd make sweeps in right ascension, each sweep being about .54' wide in declination. To tiiis

end 1 memorized all the stars in each sweep iu order and in magnilndii.

Some of the sweeps were longer than others, so that the ecliptic and its neighborh(jod siioiild

be covered without wasting time. In order that theeutire time of the totality nnght be available

lor tlie search, I did not observe the second and third contacts; and 1 did not observe the first

contact, as tiiis ol>servation would have made it necessary to take otf my /.one eye-i>iece and thus

to lose the adjustment for parallel and focus 1 had made on the night of May 5.

I need not describe the mechanical arrixngements 1 had i)rt>vided for detern)ining the |)osition

of any object not on my star luaj), since these were not employed. Tlicy were, however, adequate

for the purpose. On May (i I began sweeping a few seconds after totality commenced, and swept

carefully and deliberately over the space marked on the accomi)anying map without finding any

new object. I am positive that uo star as bright as five and a half magnitude could have escaped

me. I saw all the sixth magnitude stars within this space except the three nearest the sun. I

saw uo seventh magnitude stars anywhere.

The star U. M. (19'=, 477), in right a.scensiou 3'' n" 21", and declination + I'J'^ 11, was very

bright indeed, and uo star half or even a third as bright coidd have by any possibility escaped

observation. This star is of four and two-tenths magnitude ; the same as the brighter of the two

plauets reported by Professor Watson iu 1878.

At the eclipse of 187S it was a question whether the planet Vidcioi of Le Verrier existed or

uo. At the eclipse of that year I searched for such a planet over a space of 320 square degrees

and found none. The Vulcan of Le Verrier should have been at least of the third magnitude.

My instrumental means were sufiicieut to have detected it had it existed.

At the same eclipse Professor Watson reported the existence of two new aud much smaller

bodies which he saw with a 4-inch telescope with a magnifying power of 45. Professor Swift

also reported the existence of two different (aud uew) bodies.
>

At the present eclipse I looked for these with a maguifyiug power purposely chosen the same

as Professor Watson's, and with aii objective giving more than twice the light of a 4-inch. No

such new bodies existed within the space marked on the map. It is my opinion, therefore, that at

future eclipses it will not be necessary to devote an observer and a telescope to the further pros-

ecutiou of this search, and I must regard the fact of the nou-existeuce of Vulcan as definitively

settled by Dr. Palisa's observations aud my own.

CONTACTS.

I observed the fourth contact with an aperture of (i inches, power 57, at 4'' 0'" 34^8 of

chronometer 1536 Negus. Its correction to Caroline Island sidereal time was + 1'" 5"J».5; so

"hat the fourth contact occurred for me at 4'' 8"' 34'.3 Caroline sidereal time = 1'' 10" 43' .8

Caroline mean time.

OBSERVATION OF THE UIFFRACTION-BANUS BEFORE AND AFTER THE TOTAL PHASE.

I had a white tenttly stretched fiat on the ground a few feet south of my observatory, and 1

employed the two carpeuters of our party in observing the direction and the distance apart of the

bauds.



102 MEMOIRS OF THE NATIONAL AOAUEMY OF SCIENCES.

The seams of the tent were phiiiily visible during the totality; they were 20 inches apart and

ran exactly north and south.

Carpenter's Mate Charles Emms, of the Hartford, stood near the tent and compared the dis-

tance between the centers of two adjacent diifraction-bands with the distance between the seams

and with a foot-rule which he held in his hands. He estimated this distance before totality to be

12 indies, and after totality to be IS inches. I have great confidence that the truth lies between

these limits. He also estimated the number of bands passing a given line per minute to be SO.

From my recollection of the same plieiunuenon in 1878, I should think this estimated number too

small. The shadows or bauds lasted about one and one-quarter minutes, both before and after

totality.

While Emms. was observing the distance apart of the bands. Carpenter Peter Murphy, of

the Hartford, observed their direction. This he did by laying a 10-foot pole on the tent in a

direction perpendicular to the bands. After he was satisfied with the direction of the pole he marked

its position on the tent with a pencil. To avoid mistakes the observations before totality were

made on the south side of the tent, and those after on the north side.

After the total phase bad passed I laid out an east and west line on the tent and compared

the directions of the i^rogress of the shadows with this.

Before totality the shadows moved along a line whose azimuth was north 60° east.

After totality the shadows moved along a line whose azimuth was 92° northwest.

The general direction of motion was west to east before totality and east to west after totality.

The radius of the moon's shadow was about G9 miles. The (observed) direction of motion of

the bands before totality was about 16^° to the east of the direction of that radius of the moon's

shadow which passed through Caroline Island at second contact.

The (observed) direction of the bands after totality was only 2° to the west of the radius of

the moon's shadow which passed through Caroline Island at third contact. It is possible that the

first observations are erroneous by 16°, but I do not regard it as probable.

The other scientific work of the expedition is detailed in the following reports.

I am, my dear Professor Young, very sincerely yours,

EDWARD S. HOLDEN.

(b). RFA'OBT OF PliOF C. S. HASTINGS.

Prof. E. S. HoLDEN

:

Dear Sir: The late date at which it was definitively determined that the writer should be a

member of the Eclipse Expedition rendered the preparation of the apparatus a laborious as well

as a most hurried one. The task would, however, have been far more difficult had not the trust-

ees of the Johns Hopkins University generouslj' placed all the facilities of the jihysical laboratory

and the services of the university mechanic at my command. Fortunately much useful apparatus

was already in my own possession. This, with that lent either by the university or by Mr. Rockwell,

one of the members of the party, was all that could be successfully used by the five observers

assigned to my instructions. The following is the list of apparatus used, with the essential

constants:

APPARATUS.

1. rolariscope.—This was the same instrument which the writer used at Central City in

1878 ; it is fully described in the report on that eclipse published by the United States Naval

Observatory. Time did not admit of trying the instrument or even of adapting it to its
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telescope before our arriviil at the island, bat Mr. Upton took witli liini a small telescope aud its

inoiuitiug, which there formed a part of the complete apparatus. After the oljservations on the

day of the eclipse it was found that the mounting was too unsteady to admit of the recpiisit**

accuracy in pointing, so that, although Mr. Prkston found polarization in all parts of the corona,

the angles of polarization were thoroughly discordant. Of the greatest theoretical importance,

however, was tlie observation that with greater brightness of the field the Savart's bands were

more intense. As the instrument is specially devised for the examination of isolated ]>ortions of

the corona, the inference is that the intensity of polarization does not decrease in approaching the

moou's limb.

2. Prismatic telescope.—This was composed of a large flint-glass prism of 30° before the ob-

jective of a telescope lent by Mr. Rockwell. The essential constants were as follows: Clear ap-

perture, 2i inches; apparent length of spectrum (A to H), 32|o
; magnifying power used, 20.

The instrument was used by Mr. Upton, aud the results are given in his report.

3. Integrating spectroscope.—The instrument belongs to the writer; its constants are given in

the report of Ensign Brown, who observed with it. Tiiere is, however, one novelty in its con-

struction which is worthy of notice, because it seems to me better adapted to the end in view than

any arrangement before used.

The angular aperture of a small telescope lens, such as would be used for a spectroscope col-

limator, is rarely less than five or six degrees ; consequently, if such a collimator is directed towards

a source of light as small as the suu, only -^ or i\ of the whole aperture is utilized. The ordinary

method used for correcting this fault since the eclipse of 1870, when Professor Young employed it

for the lirst time, has been to place a small telescope before the slit directed towards the sun. The

effect of this addition is obviously to increase the apparent magnitude of the object ; it is also

evident that the magnifying power of the auxiliary telescope should be, in tlie case of a total eclipse,

about three or four diameters. The only objections to the method are that it requires at least two

lenses, aud that the system admits of no range of adjustment. I used a single concave lens in-

troduced between the slit and objective of the collimator. It is clear that such a lens would

reduce the apparent magnitude of the objective as seen from the slit, an<l therefore the angular

*

V
apertTure of the system. At the same time, the condition that the distance from the objective to

the virtual image of the slit formed by the concave lens shall equal the focal length of the collima-

tor is readily satisfied, and this is the only condition for distinct N'ision. If we set (Fig. 1)

F = focal length of collimator objective,

A — angular aperture of same,

(t = angular aperture desired,

—/ = focal length of concave lens,

M = distance from concave lens to slit,

V ^distance from concave lens to image of slit, and

L = total length of collimator,

the solution is as follows:
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Tlie gciieiiil equation connecting the conjugate foci of a simple lens is

1 1 _1-»+ V-

f

where n, r, anil /are to be measured from the lens, and taken as positive when in the direction of

]>n)i)agation of the liglit. Tlien, for this case

_1 1_ 1

u A
V ^ a

L = F — « + V

Thus, in tlie instruiiitMit wliich Mr. Brown used

A = 6o

and I wished to make A = 2°; moreover,

F = 113 inches ; —/= 2 inches.

These constants substituted gave

u = — 4 inches; r = —L\ inches; L=14[\ inches,

and the brightness of the spectrum, with a slit of the same angular width, was three times what it

would ha\ c been without the additional lens. It is evident that the apjiaratus admits of large

variation; for exami)le, had 1 chosen

then I should have had

V = — inches; r = — li inches; L=1G:J inches,

and the brightness would have been increased four times. I should have ]>referred the latter pro-

portions had the tubing at our disposal admitted.

4. 6ratm<i spectroscope.—Tliis was attached to my own equatorial, of 4 inches aperture, aiul

contained a grating by Kowland of about 15,000 lines and an eflective aperture of nearly 1 inch.

The apparatus was used by Mr. C. H. Rockwell. There was also a Hint-glass prism which could

replace the grating, but it was not used during totality.

5. Prism spectroscope.—This was used in conjunction with Mr. Rockwell's fijj-inch equatorial

by the writer. The objective of the equatorial has a focal length of 91 inches. The objectives of the

collimator and viewing telescope have focal lengths of 12.8 inches and apertures of 1.6 inches, the

available aperture of the single 60° tlint-glass prism being also 1.6 inches. From the above dimen-

sions it is evident that the effective aperture for central pencils was but 0.9 inch ; but as the slit

was made nearly an inch in length, and used radially, this was as much as could be employed under

the condition that the whole pencil from nearly ev^ery portion of the slit should be transmitted.

Tlie magnifying power was 8, this yielding the maximum brilliancy under the assumption that the

diameter of the pupil was ^ of an inch. Of course it was better to have the ocular pencils small

rather than too great. The eye-piece had an angular field of 52°, which admitted the whole spec-

trum within the field, while at the same timet he power was sufficient to show the D lines obviously

separated.
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Fig. 2

The essential feature of the spectroscope, however, and that whicli adapted it to its particular

pnrpose, was an arranoenient of two total reflecting prisms just in front of tlie collimator slit. The

oflice of these prisms was to form two virtual images, each being that of one-half the slit, separated

at their nearest ends by an interval equivalent to the diameter of the solar image in the equatorial

used. The construction will be rendered evident by the diagram (Fig 2), which represents a section

of the apparatus by a plane passing through the slit and the line of colliniation. The dimensions

were sochosen that iflight from the right side of the solar image were transmitted, after two reflections

by the prism «' i', to the central point of the slit S, then light from the left edge of the solar image

would be transmitted to S by the prism a b. It is evident that

light from any other portion of the sun would not fall upon the lens

of tlie collimator, and consequently not appear in the speetroscoi>e,

but that light from regions to the right and left of the sun, up to a

distance determined by the length (in this case 1.5') of the slit or the

dimensions of the prism, would so appear; moreover, it is obvious

that the spectra formed of the two halves of the slit would be adja-

cent. In fact, these two spectra, one that of the region to the right

of the sun and the other that of the region to the left, were separated by a narrow black line

about as distinct as the G line of the spectrum.. Although all angles of reflection in the prisms

were greater than the critical angle, the sides a, b, a', and b' were silvered, to avoid trouble in

keeping them clean.

It will be recognized that this spectroscope, which was specially devised for the work in view,

was most carefully considered in all points so as to be of the highest efficiency, i^or do I see now,

after Iiaving used it, how it could be bettered if the same large scale of 1 .6 inches available aperture

were not to be surpassed.

OBSBEVATIONS.

The observations made with all the instruments described, except the last, are given in the in-

dividual reports of the observers. Here I shall give my own only, though I shall have occasion to

discuss some of the others.

A few minutes before the first contact the spectroscope slit was adjusted for parallelism with

the utmost care, since the essence of the method was the comparison of two spectra formed by

different halves of the slit. xVn ideally more perfect way of eliminating errors due to the slit would

be to rotate the spectroscope by ISOo on the axis of collimation of the equatorial at each observation,

but as I found no difficulty in so adjusting that it was quite imi>ossible to distinguish a difference

in the twohalves of the spectrum with any useful slit-width, I definitively abandoned the inconvenient

reversals. After this adjustment the slit was given the maximum width compatible with sharp

definition ; that is, the spectrum was made as bright as possible under the limitation that the line D
should be just recognizable as double. The group b was of course under these conditions, triple.

It was expected that it would be unnecessary to alter this adjustment during the eclipse, and it was

so found.

A short time before second contact the spectroscope was rotated on the axis of its collimator

until the direction of its slit became sensibly normal to the edge of the solar image at the point

of second tangency. As I was engaged in this way I noticed on the white card-board which cov-

ered the slit-plate a sudden alteration in the aspect of the image by the growth of arcs of light

from the cusps of the sun, which quickly joined and formed a complete ring. The phenomenon

occurred, as I found from Mr. Fletcher's counting,Jl seconds before totalit\% It is only of scieu.

S. Mis. 1 10 14
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tiflc importance as showing that the coioim could have been seen much eailier by employing a

more delicate method.

Just before second contact 1 put my eye to the spectroscope. The right-hand side of the

spectrum, corresponding to the eastern limb of the sun, exhibited a long brilliant line in the

place of 1474, extending 10' or 12' from the edge of the sun ; on the other half, however, the line

was much fiiinter and not more than 3' or 4' in length. The magnitude of the difference was so

great a surprise to me that, although the appearance of the spectrum itself would have betrayed

any fault in adjustment, I immediately tested it by giving the equatorial a slight motion east and

west. The effect was what I anticipated—the shortening of alternately one and the other at the

base, but no other change.

I had intended to examine all parts of the corona by rotating the spectroscope gradually

through 180° on the axis of collimation, but the phenomenon observed was so important that I at

once resohed to leave the spectroscope unchanged and to note the changes due to the moon's

motion alone.

This exaggerated difference on the opposite sides of the sun lasted but a short time. I

observed the rapid equalization, but only made the single eutry in my note-book of equality at 200

seconds after beginning of totality.

Just at the beginning of totality I had seen the lines C, D3, F, and near G extremely brilliant,

but very short. This was, of course, just at the middle of my spectrum band, along a line extend-

ing from red to ^'iolet, and they were confined to that side of the line corresponding to the eastern

limb of the sun. It is possible that some or all of these lines extended away from the middle of

the band as very faint bright lines, but I could not be sure of the fact after the eclipse from a

recollection of the hasty examination which I gave it.

At 200 seconds from the beginning, experieuce had showu that all the significant changes

could be looked for only in the last few seconds of totality, and, as more than two minutes

remained, I set myself to a deliberate examination of the spectrum of the corona exclusive of 1474.

That which first struck me was the intensity of the colors: none were too feeble to give a

vivid impression of their hues, except perhaps the upper violet, which I ftiil to remember. Not

less striking was the marked difl'erence between this spectrum and one equally brilliant of sky-

light. Two lines only were seen, the bright 1474 and the dark D line, rather faint. The latter,

however, was so distinct that it could hardly liave been regarded as a single line even if unfa-

miliar; but the other familiar groups, C, E, h, F, and less certainly G as being much fainter, were

wanting. A streakiuess at first suspected in the green was not rendered more probable by subse-

quent inspection. This observation was made with the utmost care and deliberation, as I was

aware that it differed from the spectroscopic results reported at some former eclipses. I also made

a single estimate of the extent to which the coronal line could be traced from the limb of the

moon, and found it about 15 minutes of arc.

As the end of totality approached I again turned my attention to the 1 474 line. At 280 sec-

onds I recorded the line on the left side of the spectrum brighter and on the right side shorter^

that is, the line had now become longer and brighter on the western side. This difference increased

until returning sunlight put au end to the observations. At a time estimated as 20 seconds after

Mr. Fletcher ceased counting, that is, at 320 seconds from the beginning of totality, I noted C, P3,

and F as appearing but very short. I cannot recall seeing the hydrogen line near G.

The conclusions to be derived from these observations are interesting. It is obvious that the

enormous change in the exteut to which the 1474 line could be traced east and west of the sun, with

very slight change of the moon's place, at once precludes the explanation hitherto accepted of a,
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gaseous atmospliere extemliii*;' as far as implied by the spectroscope. On the other hauil, we can

find no explanation in difliision by our own atmosphere, for diffusion was absolutely insensible.

Still, as an einineut autliority has suggested that this might be an adequate explanation of the

phenomenon, it is well for inc to give categorically the reasons for rejecting it.

First. The skj- was extremely clear, aud the moon during the eclipse sensibly black. Of

course, if there had been any considerable diffusion, the moon would have looked less dark near

the limb.

Second. The bright lines of the chromosphere and corona stopped abruptly at the moon's limb,

although the diffusion here should have been more sensible than towards the outer corona, because

at the place where the change in illumination was most I'apid. It will be recognized that my

examination of this point was a careful one, for by it I assured myself of the adjustment of the

apparatus in the beginning of the observations.

Third. All the photographs taken by the English and French observers showed a sensibly

black moon.

Fourth. In a photograph of the coronal lines H and K, taken by the English observers, these

lines ended abruptly at the moon's edge, although the instrumental diffusion must have been much

greater than in mj- own apparatus because thej- made use of a heliostat.

Before attempting any explanation of the observed pheuomeno7i, however, it is well to review

briefly all that study has taught us concerning the corona, for it is evident that no theory is tenable

which is contradicted by any established fact. la this review I shall depend implicitly upon Ran-

yard's "Observations made during total solar eclipses, " which forms Vol. XLI of the Memoirs ot

the Royal Astronomical Society, and my references will be to the pages of that work. This ad-

mirable work, for which students of solar physics owe Mr. Ranyabd a debt of gratitude, includes all

useful observations to the eclipse of 1875 inclusive. For those of later date I shall refer to the original

publications.

GENERAL HETIEW OF THE ItESVLlS OF OBSEETATIOSS ON THE COliONA.

I.—Spectroscopic Observations.

As we shall find much contradictory evidence in these observations, and many cases of negative

evidence even on occasions when definite advances in our knowledge have been made, it is necessary

in a general discussion to establish some criterion by which this evidence may be weighted. Un-

questionably the best method of determining the relative values of the observations is from the

efficiency of the apparatus used in each case. To do this we must first discuss the theory of the

spectroscope as applied to such work. This step seems to me advisable, not alone on account of

the reason given, but also because the apparatus used is often so badly devised that the theory is

evidently not generally known. The frequent description of non-essential constants of the spec-

troscopes used when the. essential ones are omi^tted is another proof of inadequate ai)prehension of

the optical principles involved.

Of the three forms of spectroscope used in corona observations we will discuss, in order, [a] the

prismatic telescope; {b) the integrating spectroscope; (c) the analyzing spectroscope.

(a) Prismatic telescope.—This consists of a system of prisms or a grating before the objective ot

a telescope or the naked eye. The office of the dispersive system is to form a virtual spectrum ot

the corona at an infinite distance. This image is to be observed by means of the telescope. It is

clear that a high magnifying power is not requisite for observing the coronal ring, since it measures

a half degree in its inside diameter; on the other hand, it is equally evident that the image should

appear as brilliant as possible. This last condition limits the magnifying power. According to

the well-known law governing telescopic vision of a surface, the power for maximum brightness
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should be equivalent to the quotient obtained by dividing the diameter of the object-glass by the

diameter of the pupil of the eye. If we assume tlie diameter of the pupil at | of an inch, which

cannot be far from the truth unless special precautions have been taken to dilate it, we should

choose a power equal to eight times the numerical value of the available aperture in inches. If

the coronal light contains an excess of definite wave-lengths, the fact will be indicated by colored

images of the corona arranged according to their wavelengths upon an impure spectrum as a back-

ground. It is well known that such rings are ordinarily seen corresponding iu place to the lines

C, D:i, 1474rK, and F. With a dispersive power less than that of a 60° flint-glass imsm they over-

lap; with a much greater power they are distiuct rings. With a high dispersive power, also, the

contrast between the rings and the background is increased, at least until the absolute loss of light

incident to all highly dispersive apparatus becomes considerable. It is veiy important to observe,

however, that the C ring alone is free from admixture.with light of other refraugibilities, and that

only on the side farthest removed from the blue end of the spectrum. On the other hand, the green

ring, the liTJtK, is least favorably situated for distinctness. We must expect, therefore, to find in

such an instrument the C ring relatively much too strong. This peculiarity evidently makes the

instrument a defective one for observing the corona; but the defect is partly balanced by its show-

ing large surfaces instead of narrow spectral lines, thus enabling the observer to sometimes recog-

nize the presence of light of definite wave-lengths, which the ordinary spectroscoiie would fail to re-

veal. There are a number of cases on record where just this advantage has been rendered evident.

(b) Integrating spectroscope.—This term has been applied to that form of instrameut where the

spectrum is that of the sum of all tbe sources from which raj^s passing through the slit fall upon

any x>oint of the effective aperture. Bearing iu miud that the effective aperture is determined by

the angular dimensions of the source of light, as well as by the linear aperture and focal length of

the collimator, the theory does not differ from that of the analyzing spectroscope. The proper ratio

of focal length to aperture has been discussed in the description of the instrument used by Ensign

Brown. From what I shall prove in the theory of the remaining form of spectroscope, it follows

that an integrating spectroscoi)e with large available aperture is far superior for this particular

purpose to oue with equivalent dispersive power and smaller lenses.

(c) Analyzing spectroscope.—This differs from the instrument just described only in having an

additional lens, which forms an image of the source of light upon the slit-plate. This lens is ordi-

narily called the " condensing lens." The term is objectionable, not only because it fails to define

the function of the lens, but because it is misleading. For example, if we may speak of the " con-

densing" power of a lens, it is evidently a measure of the brightness of the image formed by it,

and this depends solely upon the angular aperture of the lens. Now, I shall show that the bright-

ness of the spectrum in the instrument under discussion is absolutely independent of the angular

aperture of the " condensing lens." It follows, then, that the use of the lens is not to " condense"

light upon the slit. It seems that a much better name for this lens is one which describes its office

at once, namely, " image lens." This name I shall venture to use to replace the old term in the

following discussion

:

Let A — effective aperture of image lens.

F = focal length of image lens.

a ~ effective apertui'e of collimating lens.

/= focal length of collimating lens.

d = diameter of pupil of eye.

g — quantity of light incident on unit surface of image lens from one minute square of

source.
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We see at once that
A_a

for if this is not so, either some portions of the image lens can never send liglit to any portion

of the collimating lens, or some parts of the latter never receive liglit from the image lens; in

snch cases either A or a ceases to be the effective aperture.

The quantity of light (Q) falling on a minute square of slit, measured from the image lens, is

evidently,

Q=i^A'^5.

To find the quantity falling on a unit surface of the slit we must divide Q by the value of a minute

square expressed in area. If we denote this quantity by Q/ we may write

The function of the collimating lens is to form a distant vertical image of the slit. The bright-

ness of this image may be expressed in the same way as that which we have chosen to exi)ress the

brightness of the source, namely, by the quantity of light from a minute square of its area falling

upon a unit surface. Let us denote this quantity, which is a measure of the brightness of the

image, by q'. Now, we have already obtained an expression for the total quantity of light, Q',

falling upon the whole of the collimating lens from a unit area of the slit. To find q', then,

we have only to divide Q' by the area of the collimating lens and by the value of a unit area

of the slit expressed in minutes square. The first of these divisions is \ -«'-, the second is ^r^, whence

O' A'' f-

that is to say, the brightness of the image is the same as that of the source, and this perfectly

independently of the apertures of the system used.

We may arrive at the same couclusion, by a process of reduciio ad ahsurdum, very briefly, thus:

Suppose q' less than q, then, since there are no limitations as to the values of F and /, we may

make them infinite without change of angular apertures. In this case we have reduced the quan-

tity of light by introducing media which are assumed to have no action on light, which is absurd.

Again, suppose q' greater than q, then we have simply to regard the image as the source of light

in a similar apparatus in which the image will be brighter than </'. Thus, by successive repeti-

tions, we may increase the brightness indefinitely—an evident absurdity.

Hitherto we have not regarded the portions of the spectroscope which follow the collimator.

Of these the system of prisms or the grating forms a virtual spectrum of the slit at the same dis-

tance {i. e., infinite distance) from the collimating lens as the image itself, since only plane surfaces

are concerned in the action. In order to determine the brightness of the spectrum we have here

to distinguish between two cases. We assume, as we have tacitly done heretofore, that there is

no loss either bj' reflection or absorption. Then, if the light is strictly monochromatic, or is com-

])osed of determinate wavelengths, the brightness of the spectrum dejiends solely ujion the bright-

ness of the image of the slit. In the second case the light is such as to yield a continuous spectrum.

Then its brightness is proportional to the brightness of the slit-image and to the width of the slit,

and inverselj' proportional to the angular dispersion of the prism or its substitute.

The function of the telescope is simply to aid in observing the virtual spectrum, and the laws

governing the apparent brightness as seen through the telescope are the familiar laws of telescopic
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vision. Witli any maguifyiiig power {p) from to the brightness is invariable; and if we set

= P, the brightness for powers greater than P is proportional to -2- Evidently the cases of ])

between and 1 correspond to an inverted telescope audjj = 1 to naked eye vision.

But She mere brightness of a snrface does not alone determine its visibility ; it must not be

too small, or, in the case of Spectral lines, too narrow. The apparent width of a line is determined

by the width of the slit and the magnifying power of the telescope. If the spectrnm consists

only of bright lines it is a matter of perfect indifference whether the necessary width is secured in

one way or the other provided that their separation is sufficient. In the case of such a spectrum as

that of the corona—and it is that which interests us here—the conditions are dirterent. If the slit

be widened, the continuous spectrum, upon which the bright lines are ])rojected, is brightened so

that the contrast is lessened. Hence we must, if we choose to secure sufiflcient width for the lines

by this method, use more jiowerfnlly dispersive apparatus to assure contrast. With greater power

in the telescope, which implies a greater value for the aperture, it is not necessary to use a wide

slit, and consequently fewer prisms may be used. The relation of the two methods for securing

the same result may be perfectly definitely stated. If the observing telescope always has the

power expressed by the quotient obtained by dividing its aperture by the diameter of the pupil,

then n prisms with aperture a is exactly equivalent to one x>ris'm with aperture na as regards con-

trast between bright lines, of the same apparent width in each case, and their background.

This, however, is not all that we demand in a spectroscope for observing the corona. There

are dark lines in the spectrum the width of which does not depend upon the width of the slit, con-

sequently their visability does not depend upon the laws which we have just considered. In order

to render such lines visible with any dispersive power the slit must have a very moderate angular

width, hence with a small aperture it might be impossible to have the slit wide enough to show

the bright lines and at the same time the dark ones. Suppose, for example, that the bright

lines are so faint that in order to be distinctly visible they must not be less than 10' in width. If

no telescope were used with the prisms, a form which has often been employed, this would render all

but the strongest lines of the solar spectrum invisible ; if on the other baud a dispersive mem-

ber of a tenth of the power but tenfold the aperture the same apparent spectrum would be ob-

tained with a slit 1' in width. This admits of a sharply defined spectrum. That a considerable

angular width in the bands, with the exception of 1474 K, is requisite, has been proved in many

observations of past eclipses, as well as in my own observations. In the latter, bands correspond-

ing to C, D3, and F were not seen, although Mr. Upton's observations prove that they were pres-

ent. Since they were carefully looked for and must have been as intrinsically brilliant as in the

prismatic telescope, the only explanation is the wholly sufficient one of too narrow a slit. Had it

been wider, however, the more important observations as regards dark lines would have been un-

satisfactory. We see from these last considerations that for corona observations a spectroscope

of large aperture is far superior to one of small aperture which would be regarded as equivalent to

it by the rule in the preceding paragraph.

The principles developed above will be valuable to us in explaining the apparently contra-

dictory evidence on record as to the spectroscopic nature of the corona. They can only be regarded

as novel in so far as they direct attention to the fact that the conditions which must be satisfied

in an apparatus designed for this particular use differ from those governing other spetroscopic

observations ; nor should I venture to give them here were there not most positive proof that they

are not universally understood. Not oidy have some eminent authorities mistakenly laid stress
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iijioii tbe viilue of largo iiiigultir aperture in the image lens, in their published prograninies for

e(;Iii)se observations, l)ut guided by this erroneous theory they have too often failed to make the

most of rare opportuuities. This is a misfortune which would correct itself in time, but, unfor-

tunately, the time for such observations is restricted. Moreover, the results derived from elaborate

apparatus, even if based upon false theory, are apt to have undue weight accorded to them.

In our examination of the existing spectroscopic evidence relating to the corona we may group

the observations, first, according to the date of the eclipse to which tliey pertain, and secondly,

according to the character of the instrument used, taking in order the prismatic telescope, inte-

grating spectroscope, and analyzing telescope.

18C8.

Of the four observers who directed their attention to the spectrum of the corona not one gives

the essential elements of the apparatus used.

Ehia used a " Bunsen's spectral apparatus of the simplest construction" with a single prism.

The magnifying power of 20 was certainly far too high. Only a continuous spectrum was recog-

nized ; but the observer was confident that he would have seen dark lines in a solar spectrum of

the same brightness.

Tennant's spectroscope is described as having a collimator of " short focus and considerable

aperture." As his image lens had a focus of 5 feet and an aperture of 4.0 inches, the effective

aperture of his spectroscope was probably very small. The dispersion was produced by a single

prism. Faint continuous spectrum observed.

PoGSON observed faint continuous spectrum. Instrument not described.

Eayet gives us sufticient data to enable us to make a fairly probable guess as to the dimen-

sions of his spectroscope. Por an image lens he used a reflecting telescoiie. His spectroscope

was a direct-vision instrument 40 cm. in length with collimator lens so calculated as to receive all

the light transmitted by the slit. If we suppose the reflecting telescope had an angular aperture

of about -^ this would imply an effective aperture of not far from 4 inch. As the direct-vision

prism probably had as large a dispersive power as two ordinary 00° prisms, we must conclude

that Eayet employed a very efficacious instrument. He observed three bright lines in the corona

spectrum which were doubttess D3 1474 K and F.

1869.

Pickering used an integrating spectroscope with angular a2)erture of 7°. Two bright lines

were seen, one near C and the other near E.

Haekness gives the constants of his apparatus with great exactness, and, as he failed to get

the spectrum of the corona at first, but after widening the slit saw the coronal line with sufficient

distinctness to determine its position on the illuminated scale, his experience affords a valuable

guide in interpreting other records. According to his data the effective aperture of his single

prism spectroscope was 0.45 inch with a magnifying power of 5.7. This tailed to show anything

of the corona spectrum with a slit-width which had been used in recording the spectra of three

prominences. We may then fairly conclude that a spectroscope of less than i inch effective aper-

ture is ill suited for such observations.

Young used an analyzing spectroscope with an effective aperture of ^V of an inch and a mag-

nifying j»ower of 18 ; but as it had five 45° prisms it was a very effective apparatus for bright lines.

"With it he determined with great accuracy the iiosition of the bright coronal green line, ^o dark

lines were seen though looked for.
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1870.

Of those observers who used integrating spectroscopes, Hammonb (p. 424) saw a spectrum in

whicli blue and violet were wauting, otherwise characterized by a red line—doubtless C. His in-

fitrunieut was a Browning's direct-vision spectroscope, and therefore presumably without a tel

escope. In all probability the observer's eye was not in the proper place ; at least such a supposi-

tion is the only plausible one which explains the anomalous observations. Of course, such an

explanation is only tenable if the spectroscope was used without a telescope. Abbay (p. 425) used a

spectroscope with two 45° prisms and an effective aperture of not far from i inch, supposing the

corona to have been i° in breadth. He saw 1474 K and F during the whole of totality. Pye (p.

427) used a spectroscope of about .§ inch effective aperture (according to the assumption just made)

with a 60° j)rism of dense glass. He observed, as did Abbay, the lines C, D3, 1474 K and F, but

unlike that observer, he saw them during the whole duration of totality.

The remainder of the observers used integrating spectroscopes. Brown (p. 419), Burton (p.

437), Denza (p. 438), Lorenzoni (p. 444), and Nobile (p. 445) give no data as to their instru-

ments. The first named saw nothing; all of the others saw 1474 K.

CARP3IEA.L (p. 415). Spectroscope 00° prism with /„ inch effective aperture
;
power 5. At first

nothing was seen, but as the slit was widened three bright lines appeared. Clouds interfered

with accurate determination of places.

Maclear (p. 420) does not describe his instrument. He saw five bright lines which he called-

C, D, E, b and F ; these were also seen, less intense, on the body of the moon.

Perry (p. 423) leaves undescribed the essential constants of bis instrument, but as the Casse

grainian telescope which he used for an image lens had an angular aperture of only IgO it is highly

probable that the eilective aperture was too small for the moderately wide slit. He saw nothing.

WiNLOCK (p. 430) employed a spectroscope with two prisms, otlierwise not described. The

observer recorded the positions of bright lines C, near D, 1474 K and F. He traced 1474 K to a

distance of 25' from the moon, ai.d the others nearly as far. No dark lines were seen though the

whole region,above F was most critically examined.

Young (p. 432). Instrument, a spectroscope with 13 prisms of 55°, with effective aperture a

little less than i inch. The line 1474 K was traced from 10' to 13' from the sun ; C and D to 4' or

5', and even on the disc of the moon. No dai'k lines were seen, though carefully looked for.

Harkness (p. 441) used the same apparatus which he had employed in 1S69 with much the same

result. 1474 K was estimated as extending 10' to 15' from the moon. Two less refrangible lines

were suspected.

1871.

At this eclipse the " prismatic telescope" was first used. The two observers who made use of

them employed widely different forms.

LocKYER (p. 447) looked through five prisms of 45° each with the unassisted eye. He saw

three hydrogeu rings, together with a ring corresponding to 1474 K. The last-named was esti-

mated as the least bright. All were regarded as of equal width, not more than 2'.

Eesmghi's (p. 462) instrument had an aperture of 4J inches, a single prism of about 13°, and

a power of 40. He saw three rings corresi)onding to C, 1474 K, and F. Of these the second was

the brightest and the last the faintest. The width of the green zone was estimated at C or 7'.

Of those who used integrating spectroscopes Saxton (p. 500) and Tupman (p. 469) both saw

1474 K and both fail to describe their apjiaratus.
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Fyeks (]>. 107) observed with an iiitegTiitiiig spectroscope of about 1% of an inch aperture and

a single (iO^ ])risni. The bright lines C, 1);;, 1474 K, and K were seen.

Ferguson (p. 470), with au apparatus similar to the hust, saw the same Hues as did Fyers, with

four other faint ones, the positions of which were merely estimated.

The following observers employed analyzing spectroscopes

:

LocKYEK (p. 44ti) with a (W° prism of 14 inches eflective aperture sa\v a vivid hydrogen si)ec-

trum and the 1474 K line. He " was astonished at the vividness of the line and of the continu-

ous spectrum."

Macleab (p. 447) with a '• Gprism spectroscope of great dispersive power" and a " 7-prism

direct-vision spectroscope," saw nothing whatever.

Jassen (p. 4.50) fails to describe the essential constants of his apparatus, but emiihasizes the

tact that the image lens was of large angular aperture, thus, in the opinion of the observer, yield-

ing exceptionally brilliant spectra. We may be permitted to discuss this apparatus somewhat

minutely, not only as a good illustration of the theory given above, but on account of the impor-

tance of the observations made with it.

A silvered mirror of 15 inches aperture and 60 inches focus was used as an " image lens."

The dispersive member consisted of two direct-visiouprisms. No telescope was used.* Nothing

is said about the aperture of the collimator and prisms except that they were so constructed as

to transmit the whole pencil from the mirror. Let us suppose the collimator 4 intihes in length,

which would correspond to an effective aperture of 1 inch. Then we should have a beam of light

1 inch in diameter from the prisms, but only that portion falls upon the retina which can pass

through the pnpillar aperture. If we suppose the diameter of the pupil to be J of an inch, then all

the light which reaches the retina comes from a portion of the image mirror 2 inches in diameter,

and the remainder is useless. Again, since such prisms are usually equivalent to two or three

prisms of 60°, we see that the apparatus is inferior to a single-i^rism spectroscope of f of au inch

eft'ective aperture even for observing bright lines; and, in accoi dance with the principles exi^lained

in the theory of the instrument, it is greatly inferior to such a single-prism spectroscope for detect-

ing dark lines. It is clear that any other assumption as regards the focal length of the collimator

would not affect the conclusion ; for, suppose the length twice as great, then, since the effective

aperture of 1 inch is not altered, only one- fourth as much of the mirror would be utilized; but, at

the same time, a slit of the same angular dimensions would have four times the area; thus an

exact compensation would i-esult.t

The observer saw the hydrogen lines bright, as well as 1474 K. Besides these, D was seen

as a (larii line, with some faint ones in the green. The bright lines were traced to a distance of

10' to 12' from the limb of the moon.

Herschel and Tennant (p. 454) give no description of the spectroscope used. They saw

1474 K only, and saw it at a distance of 8' from the moon.

Moseley (p. 471). Captain Tupman describes the spectroscope used as having a collimator 5

inches focal length, 0.7 inch aperture, with a direct-vision prism of 2 flint and 3 crown prisms.

The image lens was of 3i inches aperture and 33 inches focus. " Tower of the whole combination

about 40." This gives effective aperture of 0.53 inch and magnifying power of 6. This should

•• This fact was overlooked by Mr. Eanyard in liis discussiou of the same instruiuent.

tMr. Kanyard, at p. 4.51, calls attention to M. Jannskn's fallacious reasouiu}; in a footnote. As, however, ho
not only conchules that tliis sjiecial apparatus was after all very efficacious, but also computes the "intensity of the

inuige" (pp. 375-378) for all the instruments used, we are driven to the conclusion that he overlooked the full force

of his logic. lu this connection his remarks on p. 37.') are very instructive.

S. Mis. 110 15
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have been a very eft'ective apparatus had the telescope iustead of the slit been movable ; but, as

the observer tells us that with his adjustment " the center of the slit was far from coinciding

with the axis of the telescope," the ettective aperture may have been much less, lie saw 1474 K
and traced it to a distance of 22' ± 5' from the moon's limb.

1874.

Stone (p. 475). It is especially to be regretted that this obser\'er fails to give the constants

of his instrument, not only on account of the value of his observations, but because he was the

only spectroscopic observer of this eclii^se. He saw the hydrogen spectrum with 1474 K bright on

a continuous s])ectrum in the inner corona, and traced the last-named line in the outer corona to a

distance of more than 1° from the moon. He also detected dark lines in the siiectrum of the outer

corona, though they were seen with great dififlculty.

1875.

Nothing of the siiectroscopic nature of the corona was learned at this eclipse.

1878.

Professor Brackett (Amer. Jour. Sci., vol. xvi, p. 287) used a very efiBcient prismatic telescope,

but failed to recognize otlii r than a continuous spectrum of the corona. Other observers with

prisms or gratings used without telescopes saw no more.

Mr. Bennet (Amer. Jour. Sci., vol. xvi, p. 287), with a very eflicient integrating spectroscope saw

1474 K and F for a few seconds after the beginning of totality and again for a few seconds before

its termination.

Professor Bakkee (Proc. Amer. Ass. Adv. Sci., 1878, p. 113) used a direct-vision analyzing spec-

troscope, with telescope and collimator having 4inch focal lengths and finch apertures. The dis-

persive power was nearlj- equivalent to that of two 00° prisms. This instrument was attached to

a 4-iuch telescojje by Jones, of London, not otherwise described. If we assume the ordinary ratio

of aperture to focal length in the image lens, i. e.. jVi ^^ fi"'l that the effective aperture of the

si»ectroscope was only about ^ of an inch. No bright lines, but numerous dark lines were seen

Of these, h and F were esitecially distinct,* and D, E, and G considerably less so. They were all

faiuter than in an ordiiuiry solar spectrum of the same brightness.

Professor Eastman (U. S. N. Obs. Eep., 1878, p. 299) employed a siugle prism instrument with

an effective aperture of 0.9 of an inch
;
power not stated. With a wide slit he traced 1474 K to a

distance of from 10' to 14' froui the moon's limb. No other lines were seen.

Professor Harkness (U. S. N. Obs. Eept., 1878) confined his attention to the ultra-violet region

of the spectrum, where he tailed to find any lines.

Commander Sampson (U. S. N. Obs. Kept , 1878, p. 113) does not give the essential constants

of his instrument. Using a narrow^ slit, the observer failed to see either bright or dark lines in the

continuous spectrum exhibited.

Professor Young (Amer. Jour. Sci., vol. xvi, p. 285) employed a single-prism spectroscope with

a fluorescent eye-piece. The field of view extended from about C to above F. C, D3, 1474 K and F,

were visible throughout totality. Of these, C was traced to a height of 10' and F of 5' from the

moon's limb.

* It will be seen that Professsor Young found F a bright coronal Hue tlironyhont this eclipse.
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SUMMARY OP SPECTROSCOPIC EVIDENCE.

This review, in wliicli all the available spectroscopic evidence concerning the natnre of the

corona is collected, is most instrnctive. Leaving ont of account tlie integrating spectroscopes,

l>ecanse they do not distingnisii between the lines due to the corona alone and those which have

their origin in chromospheric light, we find that not a single observer, who has made nse of an

instrument which by description is as efiQcient as a single- prism si)e(!troscope of i-inch aperture, has

failed to see the bright 1471 K line in the spectrum of the corona. As to the height to which this

line could be traced, at no eclipse when the effort has been made has this been less than 25' as a

maximum except dnring that of 1878, when a single observer only (Eastman) attempted to find its

limits ; he found 14' for a maximum.

The evidence of the existence of the hydrogen-spectrum in the coronal light i y, really not less

conclusive. Ten of the fifteen observers who saw 1474K also saw the hydrogen lines. But what

adds indefinitely to the strength of the evidence is the fact that all the observers wbo describe their

apparatus as of greater efficiency than a single prism of
'i
inch aperture saw the bright hydrogen

lines, with the exception of two. Of these two, one (Young, in 18Gfl) may have had too narrow a

slit, as he was looking particularly for dark lines ; the other (Eastman, 1878) was observing at a

time when all the bright lines were exceptionally feint. The height to which the hydrogen lines

have been traced varies from 5' or 6' up to nearly 25'. The line D3 is to be classed with those of

Lydrogen.

All the evidence, some of it most decisive, goes to show that the distribution of the light which

yields this line spectrum has no relation to the rifts and streamers which characterize the various

coronas.

As to the presence of dark lines in the spectrum of the corona, the evidence is more conflicting.

It is evidentthat the integrating spectroscope is, if properly designed, as well suited for the detection

of such lines as the analyzing, but with the exception of Brown, in 1883, who reported D as a dark

line, no one has detected any with this form ofinstrument. With analyzing spectroscopes, Janssen,

in 1871, saw D with some faint lines in the green, and the writer 1) alone in the recent eclipse.

Besides these, a single observer (Barker, in 1878) has reported all the prominent Fraunhofer lines

as evident. On the other hand, many of the most experienced observers with the most efficient

apparatus have foiled to detect them, even when looking specially for them. The observations of

Mr. Stone in 1874 are not included here, as they applied to the outer corona only. Whatever in-

terjiretation be placed upon the presence or total absence of dark lines, the conclusion is inevitable

that the proportion of true solar light in that of the corona within 5' or G' of the moon's limb is so

small that all but the strongest of the Fraunhofer lines are invisible in any spectroscope which lias

hitherto been employed. Here wehave a starting point from which we can, by means of experiment,

determine tbe minimum limit of the ratio of snnligbt in the corona. It is only necessary to mix

light which yields a continuous spectrum with sunlight until we can secure a spectrum which re-

sembles that of the corona.

This experiment I have tried in the following manner : Before the slit of the same spectroscope

used at Caroline Island I placed a number of glass plates, varying from one to twelve, at an angle

of 450. In front of these was a screen of white paper upon which fell a beam of sunlight from a

heliostat. A gas-flame was placed in such a position that a portion of its light was reflected into

tlie collimator by the glass plates. Two small movable screens were so adjusted that, at will, one-

lialf of the slit could receive sunlight alone, while the other half was illuminated by gaslightonly,

or, the whole slit could receive both kinds of light simultaneously. The quantity of sunlight which
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entered could be regulated by the oiiacity of the paper selected for the screen, and the quantity of

gaslight by the number of glass plates used in the retlector before the slit.

1. By means of the movable screens it was easy to adjust the apparatus so that the quantity

of light from the two sources should be sensibly equal; then, when the two small screens before

the slit were removed, the spectrum was that of sunlight mixed with an equal (juantity of light

yielding a continuous spectrum. This was found to show in the central portion of the spectrum

the lines U, E, b, F, and very many distinct but fainter lines in the green. This proves that in

the corona less than half the light giving the continuous spectrum is retlected suidight.

2. The relative quantity of light from the tiame was successively increased. When two or

tliree times as great as the proportion of sunlight the fainter lines disappeared and onlj' those

remained which are named above ; then, still increasing the relative amount of gas-light, F, E, and

D disai)peared, leaving b distinctly visible long after. This can hardly excite surprise, for the h

group is obviously the strongest line in a faint solar spectrum. But the necessary deduction from

the experiment is a very important one. Since there was enough sunlight in the-coronal spectrum

to render visible the weaker line D while the b group was invisible, there must have been present

an excess of light of the wavelengths of the b group ; in other words, if the corona had been

deprived of all purely solar light the brightest of the magnesium lines would have been added to

those of hydrogen and 1474K.

II. Polarization of the Coronal Light.

It is unnecessary to review the observations on this point with such minuteness as we have

employed in discussion of the spectroscopic evidence. This is owing not only to the thorough

manner in which Mr. Eanyard has done it, but also because there is no room for doubt, esxiecially

since Professor "Wright's admirable work at the eclipse of 1878, that the coronal light is strongly

polarized radially. The intensity of polarization and its distribution with i-eference to the sun

are, however, of the greatest theoretical importance. Thus all evidence bearing on these points

deserves our critical examination. Unfortunately, there are few observations to guide us here,

though some are of great value. There are certain observei's who have given estimates of the

percentage of polarization in the coronal light or of its variation in passing from the moon's limb

outwards. They are Prazmowski ( 1860), Langley (1870), Blaseena (1870), and Hastings (1878).

Mr. Prazmowski writes (p. 281), as nearly as I can recall, the portion of the corona most " stronglj^

colored did not correspond to the most brilliant part, but was situated at a certain distance froin

the edge of the moon." This, as a mere recollection, and differing from all others who have used

the same method (notably Eanyard, in 1871), has necessarily little weight.

Professor Langley (U. S. Coast Survey Report, 1S70, pp. 158-164) concluded that the polari

zation diminished near the moon's limb, because the bands in his Savart i)olariscope did extend

to that limit. But from the i^eculiarity of the api)aratus this conclusion does not follow. The

bands were about 1° 50' apart, v.-hile the apparent diameter of the moon was oidy 6° in his

instrument, so that successive bauds would fall on widely ditt'ereut regions of the corona. In

short, even if the polarization had been 30 per cent, at the limb, the bands, other than the

central one, would have taded out before reaching the limb. *

Professor Blaseena, in the eclipse of 1870 (j). 309), estimated the strength of the polarization

near the limb as equal to that of a clear sky at 50° from the sun. This corresponds to a per-

centage of about 30.

Dr. Hastings (U. S. Naval Obs. Report, 1878, p. 158), by an apparatus which did not admit of

* The theory of this instrument has been discussed more fully in the U. S. N. Report, 1878, p. 161, by the writer.
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his knowing the portion of the, corona under observation, found the polarization increasing- uj)

to the limb. That of the light from an area .3' in diameter and close to the limb of the moon was

estimated as not less than .'>() per cent.

^ Two observers have made quantitative measurement, namely, Winter in 1871, an<l Wright

in 1878.

Mr. G. K. WiN'J'ER (p. 324) found the percentage of polarization close to the limb 10; at a

distance estimated as 10' from the limb it was 25. Tlie tirst of these numbers is a single

ol)servation, the second the mean of four.

Professor Wrioht (U. S. N. Obs. Eeport, 1878, p. 270) found at points radially disposed on

the corona, at the distances C, 12', and 22' from the limb of the moon, the corresponding percent-

ages of polarization to be 12, 7, and a trace only. If this can be regarded as yielding the law of

variation of polarization, it imjdies a high degree of polarization at the inner boundary of the

corona.

The definite conclusion from these and other observations is that the coronal light is strongly

polarized radially, and that the percentage of polarization increases continuously up to flic limb

of the moon, where it cannot be less than from one-fifth to one-third of the whole.

III. Photography.

The photographic evidence as to the nature of the corona is extremely diflicult to deal with,

not merely because of the enormous changes in the aspect of the picture with change of duration

of exposure, of sensitiveness of plates, and of angular aperture of camera, but because no two

eclipses have been photographed in a like way as regards these variable quantities. We may,

however, regard the following points as demonstrated by the method

:

First. That there is no outer limit to the corona; in other words, that its extent in a photo-

graph is only determined by the three elements above defined.

Second. That the structure of the corona is, generally speaking, radial.

Thin]. That "rifts" and "streamers," that is, dark regions and bright regions radially

ilisjiosed, are not confined to the outer corona, but extend even to the limb of the moon.

Fourth. That photographs taken during the same eclipse resemble each other, but those

belonging to different eclipses are very diverse.

ACCEPTED EXPLANATION OF THE CORONA.

The accepted explanation of the corona has been snjiposed to account more or less satis-

factorily for all the observed phenomena. It may be summarized briefly tlius

:

a. The sun is surrounded by an atmosphere of incandescent gas, chiefly of the material

which yields the 1474K line, aiul of hydrogen extending to a height of not less than (500,000 miles

above the photosphere and probably to more than 1,200,000 niiles (Stone).

h. jNIixed with this atmosphere, i. e., suspended in it, falling into or projected from the sun, is

a large quantity of solid or liquid material, which is at such a temperature as to be self-luminous.

It is this which yields the continuous .spectrum free from dark lines.

e. P>esides these components of the envelope, there is present .matter which reflects or diffuses

light much as our own atmosphere does. To this is attributed the partial radial i>olarization of

the corona.

d. The streamers and rifts in the corona indicate matter repelled, in various quantities, from

the sun by forces which may be electrical.
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This neglects no one of the established features of the corona and has apparently contented

most writers. It is essentially the explanation given by Professor Young in his work on The Sun,

though he does not fail to note grave diiiiculties in the way of accepting it. When, however, we

demand of the theory a quantitative agreement with observation, we find that it utterly breaks

down. Some of the assumptions involved are so exceedingly improbable that we refuse to regard

as plausible a hyi)othesis resting on them, while others equally as essential are absolutely nega-

tived by the observations. We will consider these points in turn :

First («). Since the sijectroscope demonstrates that the gaseous pressure at the limit of the

chromosphere is very small, probably far less than that of an inch of mercury, this supposition

requires that the pressure of the assumed atmosphere from 000,000 to 1,200,000 miles deep shall be

thus inconsiderable, notwithstanding that the force of gravity is more than twenty-seven times as

great at the surface of the sun as at the surface of the earth. As improbable as this consideration

renders the assumption of a gaseous atmosphere, we find a still stronger objection in the motion of

comets. All optical evidence of the existence of our own atmosphere ceases at a height of about

4.5 miles ; still, the density at more than twice that altitude is sufficient to offer a resistance to bodies

moving with velocities averaging 1.4 times that of the earth in its orbit, such as to render them

incandescent almost instantly. Now, the illumination of a particle in the corona is not indefinitely

greater than that of one in our own atmosphere, the ratio being that of the angular area of the sun

as measured from the two points. It follows, then, that the density of a visible atmosphere near

the sun cannot be indefinitely less than that of our own at 45 miles from the earth. But we have

the clearest evidence that far within the limits of the corona the density must be almost infin-

itely less than that of our atmosphere at even CO miles above the earth's surface : for the great comet

of the last year passed at a distance of 300,000 miles of the sun, hence deep within the assumed

coronal atmosphere, for a space of several millions of miles and with a velocity 180 times that of

the earth in its orbit, not only without being stopped and precipitated upon the surface of the sun,

but without having been checked in the least. This was proved by the fact that the orbit deriv^ed

from observations after perihelion passage was sensibly the same as that before. Still more con-

clusive pi-oof is offered by the comet of 1843, since it passed still nearer the surface of the sun. It

is true that its oi'bit before and after perihelion passage does not admit of such comparison as iu

the more recent case, but we are forbidden by every law of probability, just because of its small

perihelion distance, to assume a higher velocity before nearest approach than that due to a para-

bolic orbit ; this it had after leaving the neighborhood of the sun. We must not, iu weighing this

evidence, overlook the fact that the resistance offered by an atmosphere increases with enormous

I'apidity with increasing velocity of motion. Surely, no more decisive argument against the exist-

ence of an atmosphere extending as far as the perihelion distance of either of these comets could

be imagined.

But the assumption of an extensive atmosphere leads to a contradiction to our experience

wholly indepeudently of such considerations which would render it untenable. According to

theory, as well as observation, the upper limits of the gaseous envelopes of the sun ought to be

ordered according to their densities. The material which i)roduces the 1474 K line, and which

m.ay always be seen iu the chromosphere spectrum, is, according to this criterion, as unmistakably

denser than hydrogen as is magnesium vapor, or of iron vapor; but if we accept the coronal spec-

trum as evidence of the existence of an atmosphere, we are, bj' exactly the same principle, driven

to the conclusion that the 1474 K material is far less dense than hydrogen. The contradiction

could not be more abrui>t and inexiilicable.

There are two other arguments of not inconsiderable weight which are opposed to the suppo-
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sitiou of a ooroiial iitmosphei'e. First, the pliotographs indicate wliat may be styled a flat

arrangement of the corona, as though the forces whicli produce its irregularities act only in a

l)laue at right angles to the line of vision. That is to say, the rifts and streamers seem to have

their origin at or uear the limb of the sun and are often narrowly limited in width. Such a char-

acter might well exist if the corona were determined by the disk of the sun, but would be highly

improbable if it were distributed about the solar globe; secondly, we are compelled by this theoj-y

to assume most improbable changes in the hypothetical atmosphere. For example, the line 1474

K was traced to a distance of 1,200,000 miles from the sun in 1874, while four years later it was

so feeble as to have eluded all but two of the observers, notwithstanding that the conditions of

vision were probably better then than ever before. If the line demonstrates the existence of an

atmosphere, it demonstrates also inconceivable changes in it.

In regard to the matter (6) which emits the white light, our statements must be a little less

positive. That it is not of solid or liquid particles suspended in an atmosphere after the nature

of our clouds is pretty evident from the necessary rarity of such an atmosi)here.* The sui)position

tlmt a large quantity of meteoric matter is falling into the sun otters almost as great difficulties.

We must conclude that it is falling nearly vertically downwards in the immediate neighborhood

of the sun, because the necessary orbital velocities to check this precipitation could not exist

within an atmosphere, eveu if we disregard the difficulties in the way of accepting a theory which

implies a swarm of satellites whose orbital poles are distributed uniformly over the heavens;

hence there must be a continuous supply from without. This supply cannot come from parabolic

comets unless those of small perihelion distances are more abundant thau those of great. I am
uot aware that there is any evidence, founded either on theory or observation, which cannot be ex-

plained by the greater brightness of comets near the sun, and hence their greater liability to dis-

covery, for such a distribution of perihelion distances. It is true that such a law for periodic

comets might be probable, but as these are likely to have the poles of their orbits uear the poles

of the ecliptic, they, although they serve admirably to explain the zodiacal light, could not give

such a corona as we observe. Perhaps the assumption of an inter[)lanetary resisting medium

would help the hypothesis of a nieteoric constitution, but it would be another hypothesis. The

possibility of matter ejected from the suu we will consider with the structure of the corona.

The polarization (c), when considered quantitatively, is even more incompatible witii the

accepted theory than either of the phenomena previously discussed. It is clear, as has been pointed

out by a number of writers, that the polarization of light retlected from a i^article at the surface

of the suu is nil, because the luminous source there is a surface with an angular subtense of 180°.

It is also easy to see that therefore the polarization of the corona near the limb of the moon must

be small, eveu if all the light is diffused by matter in such a state of subdivision as to give a maxi-

mum effect. At a greater distance from the moon the percentage of polarization should be greater.

But this is quite contrary to the observed law. In 1878 I mnde a number of approximate calcula-

tions as to the percentages of polarization at various distances from the moon, and found them

widely at variance with the estimated values in my own observations. In December, 1879, Dr.

Schustert published an elaborate analytical discussion of the problem. We will make use of the

results of his investigation. These, under various assumptions as to the law of distribution of

matter about the sun which should diffuse light so as to give the maximum amount of polarization,

are given in the accompanying table

:

* It is perhaps worth noting that whatever argument can he drawn from the independence of the viscosity of a

gas or pressure and its increase with temperature cease to apply when the mean free path is large compared to the

dimensions of the hody considered. «

tR. A. Soc. Month. Not., vol. 40, p. 36.
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Table I.t

d.
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We arc forbidden to assitmo that this niidiftnsed A is reflected by particles too large to pro-

duce polarization, for the coronal si)ectriun wonld, in every case, exhibit the Fraunhofer lines, and

in all but two cases be practically indistinguishable lioni a solar spectrum of the same brightness.

The only supposition left is the wholly improbable one that the relative proportion of incandescent

matter increases in a very rapid ratio witli increasing distance from the sun.

The final assumption {d) that the coronal streamers are formed by matter repelled from the

sun IS objectionable on account of what it implies. Since the rifts are often many times darker

than the streamers, it follows that nearly all the Avhite light comes from such ejected matter.

Moreover, since the material docs not give the solar spectrnm, it is not bright because illuminated

by the sun, but is selfluminons. We have already alluded to tlie extraqrdinary arrangement of

the streamers, as though confined to a plane at right angles to the line of vision.

PROPOSED EXPLANATION.

Such objections as have just been considered led the writer, after the eclipse of 1S7S, to seek

for a hypothesis free from the obvious defects of the old one. That Ihe origin might possibly be

found in the phenomenon of diffraction was an idea early suggested, though it is not at first appa-

rent that such an explanation could eliminate the difficulties connected with the polarization of the

corona. On flie other hand, the most elementary considerations of the theory of diffraction show

that in the case of a total eclipse we should see a ring of light around the moon, brightest on the

inner side and extending indefinitely outwards; moreover, that the light of this ring would be de-

rived exclusively from areas very near the limb of the sun. That there would be no maxima and

minima of brightness in such a ring, either in place or time, follows from the well known fact that

within the geometrical shadow such periodic variations are absent. Notwithstanding these fea-

tures, so strongly suggestive of the true corona, a quantitative application of the theory of diffrac-

tion would seem to render the hypothesis untenable. We may test the validity of the hypothesis

thus:

O .=- ^ , u4

Let OA be the line of intersection of a plane, passing a point j; on the surface of the earth

within the geometrical shadow of the moon and the center of the sun, with a wave surface having

its origin in the sun. Also let OB be the intersection, by the same plane, with a spherical surface

having its center at jj and tangent to OA at O, with a radius equal to the moon's distance. It is

required to find an expression for the illumination at jj due to any point on that solar diameter de-

fined by the plane OA jj. This is the well known problem solved by Feesnel. Obviously, for the

purpose of investigating the distribution merely, we may consider OA a right line. We will define

the position of a point x on this line by its distance from O.

The velocity of motion produced in a particle of luminiferous ether at j) by an element dx of

the wave surface at O is, with proper choice of the origin of time, proportional to

t
dx sin 2 ;r p,

S. Mis. 110 10
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while P is tlic ])erio(l of vibration. For any otlier element of OA a velocity is imparted \vlii(-li

bears the same ratio to

...sin2.{i_^|,

where S is the difference of the distances of tlie two elements considered from p. If the distance

,v,2

Oj) is represented by E. 6 is evidently e<|unl to '
. Tlie total velocity given to the particle at p

will equal the sum of the velocities due to each element, whence we may write for tlic iiortion

included between x' and .*",

This developed gives

V CO sin 2Tt ' \ cos 2 ;r
-

' , f7,r— cos ^n I sin 2 tt-^ dx
VJx' li U A. PJx' 2EA.

The intensity of illumination at jj is proportional to the quantity of energy transmitted to it in a

given time, and this is obviously proportional to the mean square of r, but since the mean value

of sin 2 7r cos 2 ;r is zejo, while that of sin^ 2 ;r ^ is a constant e(iual to tliat of cos'^ 2 tt „ we

find for an exjiression for the intensity

In calculating the quantity of light due to any point on the sun, we must extend tlie integration

from a value of .r' corresponding to the limit of the moon up to inlinity. But if the value of ,t' be

III A
but a few times greater thau-^ ^ the value of I becomes indefinitely small. The relation of j,' to

the apparent angular distance from the moon's limb is, if we represent this angle by n, given by

the equation
X

whence we conclude that in order that any portion of the sun's surt^ice may give a sensible

amount of light to p, its angular distance from the moon's limb shall be not many times greater

than -\/^„; in other words, the distance within the geometrical shadow of the moon, where light

due to diffraction may be found, is limited to inches rather than miles. Thus it would appear that

the corona can have no explanation founded upon this iihenomenon of light; and, indeed, there

would be no escaping the conclusion if the suppositions at the base of the argument are correct.

But, in setting the phase of vibration equal -^^^ , we have tacitly assumed that the motions in the
2KA

different wave-surfaces are strictly similar; this is not the case, for we know that two surfaces difter-

ing by a few tens of thousands of wave-periods iu their origin are wholly incapable of producing

phenomena of interference. For example, we can secure Newton's rings with pioper precautions as

to the homogeneity of the light with a dift'erence of jjath of half an inch, but no phenomenon of the

kind can possibly be discovered if the difference is as great as 2 inches. Accordingly we can only

find the value of I by taking the mean value of

[X '••-(r-^'-'H
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wlierc •' *' ' 'represents the phase. Of the nature of this function we know little except in every
A

l)ractical case it is a continuous, non-perioilic function of the time, and that its value must depend

upon the physical characteristics and temperature of the source. For integrations which involve

very small changes in the value of the function, or in which it may be regarded as independent of

t, Fuiosnel's solution is accurate, but in cases where E is very great it fails.

With our limited linowledge of the nature of f{x,t) it is perhaps hopeless to attempt by ana-

lytical methods alone to find the illumination within the geometrical shadow; but it is easy to see

tliat nuuh more light would fall there than would be the case if Fresnel's solution obtained, for it

is the assumed perfect regularity of the phenomenon which causes the integrals to vanish when the

lower limit is considerable. Nothing remains then but an appeal to expei'iment. This was done

by em|»h)ying a lens system of 5 inches diameter, with a lime light in the more distant principal

I'ocutj as an artificial sun. It is evident that near the axis of the system this would appear as au

intensely Inilliaiit disk, and, at a distance of 50 feet, of about i degree iu diameter. This was

hidden to the eye by a blackened metal disk, 1 inch in diameter, placed at such a distance as to

be slightly greater in angular diameter. It was suspended by three fine wires at the center of a

ring for supi)ort. Under these circumstances the black disk was seen surrounded by a vivid ring

of light, even when of considerably greater diameter than the artificial sun. This ring was of

intense brilliancy next the disk and faded rapidly outwards. Its height was from 10' to 30' and,

as a whole, had a most striking resemblance to the solar corona except in its great regularity.

That most of the light was derived from the edge of the luminous disk was proved by the eflect of

stopping off the center of the lens. This was done by au assistant, and it was found impossible to

recognize whether the stop, cutting off perhaps 90 per cent, of the light, was in place or not as far

as the light ring was concerned. If, howevei", the stop was moved towards one side of the lens, as

its apijroach to that side became very close, the bright ring seen around the black disk began to

grow less bright on the corresponding side until there was a well-prouounced "rift." It is clear

from the experiment that if the brightness of any portion of the edge of the artificial- sun could be

greatly increased there would have appeared the complement of this rift, namely, a "streamer."

This experiment, which is easily tried and highly interesting, is by no means conclusive,

though very suggestive. The conditions, with the dimensions readily attainable to practice, much

more nearly meet those of Fresnel's case than those of a total eclipse. Still, it must be regarded as

a valuable guide in si)eculating on the nature of the corona. The first evident objection to apply-

ing the principle to the explanation of the corona is that it would seem to imply a rapid change in

the extent of the corona during the eclipse, which according to it ought first to show much greater

brightness and extent on the eastern side, then, near third contact, on the western side. There

.seems to be no ocular evidence of such change and but little photographic evidence. But there

are considerations which greatly lessen the force of this objection. First, the change can oidy be

rapid during a very brief interval after sec^ond contact and before third contact, so that it might

readily escape observers whose attention is not specially directed to it; while, on the other hand,

the cauiera cannot gi\'e evidence of rapid changes since, in the case of the outer corona, the ex-

posure cannot be very short. Secondly, there is another reason why such changes should not be

very great, namely, the rapid diminution in brightness of the sun's disk in apjiroaching the limb.

From this it follows that at second or third contact the sun could be replaced, as far as the i)he-

uomenon in (piestiou is concerned, by a uniforndy bright disk of somewhat smaller dimensions, so

that the ratio of the angular distances of the limbs, east and west, will not be indefinitely great

or small.
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Tims it seemed to me not an improbable explanation of the corona to attribute it to diffraction,

thougU the reasoning upon which my conclusion was based was hardly of sufficiently definite char-

acter to justify its publication. When the expedition to observe the eclipse of last May was pro-

liosed, I thought, though there was no expectation in my mind of being one of the observers, that

the theory might be rendered sufficiently probable to recommend a crucial test of its validity, if

such could be devised. It was not difficult to find such a decisive test. According to the theory

the corona should be particularly rich in edge light of the sun, that is, in chromosphere light. Since

this is not subject to such a variation as light from the photosphere near the limb, the conclusion

as to rapid change in the distribution of such light during the first and last seconds of totality

is an essential part of the theoiy. On the other hand, if the bright lines of the coronal spectrum

indicate an atmosphere about the sun, there can be no change in it due to the motion of the moon.

This defines a pronounced and recognizable difference between the phenomena as demanded by

the two theories. How this difference was made observable and the results of observation' are

given in the first part of this report.

It only remains to apply the theory to the explanation of the known characteristics of the

corona to find how far it escapes the defects of the old one and what it leaves unexplained.

Prom it follows that the light of the corona consists in part of ordinary sunlight, a strong ad-

mixture of chromosphere light, together with such light as is reflected or radiated by particles of

solid or liquid matter which are carried above the photosphere by convection curreuts or by the

greater atmospheric disturbances which give rise to the prominences. As the strongest lines in

the ordinary solar spectrum correspond roughly with the brightest lines of the chromosphere, in

the composite spectrum of a corona thus formed the principle Fraunhofer lines must be wanting

and even some of them reversed. The reversal, however, cannot depend in any way upon the

vapor densities of the gases characterized by the lines, but almost exclusively on the brightness

of that particular constituent of the chromospheric light. Thus the calcium lines H and K may be

much more prominent tjian the hydrogen lines, as is probably the case. Again, the fact that the

1474 K line is recognized so much higher in the corona than the hydrogen lines leads to no such

contradiction as to the relative densities of the corresponding vajiors as we have seen to be the

case in the ordinary theory, since it only implies that the material indicated by 1474 K shines with

a greater brightness. Whether this implied intensity of the green line in the ordinary siiectrum

of the chromosphere is in accord with observations or not I think it impossible to assert. Cer-

tainly, in view of the facts that it is only found in the closest proximity to the photosphere and

that it lies near the most brilliant portion of the spectrum where diffused light would do most to

blot it out, w^e must consider its visibility under any circumstances as a proof of extraordinary

brightness.

The diffraction theory also demands that the relative proportion of chromospheric light should

diminish in leaving the sun, hence the spectrum of the outer corona should more closely resem-

ble that of ordinary feeble daylight. Stone's observations of 1S74 seem to afford strong evidence

that this is the case, for he detected Fraunhofer lines at a distance from the sun though they were

absent at the base of the corona.

Any variations in the intensity of the light near the limb of the sun must produce con'espoud-

iug variations in the brightness of neighboring portions of the corona
;
a brighter area would give

rise to a streamer,, and an area of deficient light to a rift. We know from i)hotogTaphs of the solar

surfiice that there are such variations of enormous magnitude, especially in those latitudes where

sun spots are frequent. It is just at those regions that the rifts and streamers are most abundant

and well marked. It is evident from the nature of the argument that a diffraction corona would
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appear as though arranged with reference to a disk, not a globe; thus the feature so puzzling in

the generally accepted theory is a necessary consequence of the views here urged.

I have attempted to show in a paper on the physical constitution of the sun * that the pho-

tosphere is the locus of precipitation of some substance, very likely carbon, of very high vaporizing

l)oint; above this everything precipitated is, according to Kirciioff's principle, relatively dark.

It wilLprobablybe regarded as proved there, that the substance producing the general absorption

at the sun's limb is either liquid or solid matter in a state of fine subdivision. Granting this, it

follows that a particle immediately above the photosphere and within an ascending current, that

is, over a granule, will be illuminated chiefly from below. Moreover, in accordance with the argu-

ment developed in the paper cited and which is too long to insert here, the illumination would

be by light in which the Fraunhofer lines are necessarily very faint. Now, if the supposed parti-

cle is small enough, it will diffuse light which would be perfectly polarized in a direction at right

angles to the direction of illumination, and the plane of polarization would be that of reflection.

Perha))s the nearest possible experimental approach to the condition of an ascending column of

gas in the sun which the theory cited supposes, is the flame of a lamp when smoking. Such flauies

I have investigated, and find that the upper portion emits light very strongly polarized in the

direction anticipated. If, then, the constitution of the photosphere is as assumed, it follows that

just above it is a region where light is scattered tangeutially to the sun with strong radial polariza-

tion. According to the difl'raction theory the corona from such a sun must be strongly polarized at

its base, where this light is relatively strong, and continuously decrease outwards ; a conclusion

exactly contrary to the dicta of the old theory and in perfect accordance with observation.

Thus, without contradicting any principle of physics, the difl'raction theory accounts for all

the observed features of the corona with a single exception, namely, its more minute structure.

Neither hypothesis succeeds here, at least if we accept all the curved forms indicated in the

engraved interpretation of the photographs. I will only add in this connection that every irreg-

ularity in the limb of the moon must cause an irregulai'ity in the light of a diffraction corona,

which, not improbably, may be of a wisp-like form; but at present both theory and experience

fail to give precise indications.

j^ince the telegram announcing the results of the Eclipse Expedition was published I have

seen some statements that the visibility of the corona before second and after third contacts, and

the detection of the outline of Venus before it had entered on the sun or after it had i)assed ofl',

were definite proofs of the existence of an objective corona. I need hardly say that, in the case

of the moon, the fundamental principles of the theory oflered demands such a phenomenon. From

the visibility of Venus near the sun we can derive a very strong argument against the existence

of an objective corona, for, since the corona is strongest near the sun, that side of Venus nearest

the sun ought to be the most readily perceived. Instead of this being true, that side has never

been observed, though the more distant limb has frequently been seen.t

Yours, A'ery respectfully,

CHARLES S. HASTINGS.

* Proc. Amer. Acad. Sci., Amer. .Jour. Sci., Vol. , p. .

tThe optical principles involved iu this phenoiueuou have been discussed iu the Sidereal Messeuj;er by the writer.
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(c.) REPORT OF MR. C. H. ROCKWELL:
Tiof. E. S. HOLDEN :

Dear Siii: At the time of the eclipse of May 6, 1S83, 1 bad a spectroscope with a grating of

14,400 lines to the inch attached to a telescope of 4 inches aperture, using a spectrum of the first

order.

The grating was so adjusted that the region from a little below E to F was in tiie field. The

slit was narrow, and was not changed; it was set tangential to the limb of the moon.

I did not notice any flash or other phenomena at the time totality comiiienued.

Owing, perhaps, to a pg,ssing cloud, 1 did not see the line K 1474 for the first minute and a

half; it then came somewhat suddenly very distinctly into view, and I was able to follow it 4' or 5' to

the west of the disk of the moon. I repeated this observation a second time with the same result.

I saw also two green lines, probably magnesium, each of them brigliter and broader than 1474,

but much shorter. I saw these two lines each time when I followed 1474 into the corona, but failed

to see them when I turned the spectroscope to the north and south sides of the moon. Neither did

I see 1474 save on the western side, as already mentioned.

As compared with the eclipse of July, 1878, observed at Central City, Colorado, I should say the

darkness w:is less intense on this occasion.

It is proper to add, however, that in 1-87S I had been reading a chronometer with the aiil of a

lantern before looking at the corona, while on this occasion I had not used any artificial liglit for

any purpose.

Very resi)ectfullv,

CHARLES H. ROCKWELL.
Caroline Island, 1th May, 188.'}.

id.) REPORT OF MR. ERASMUS D. PRESTON.

(PiiblisUeil by periuissiou of the Superiuteudeut of the U. S. Coast iuiil Gcoilotic .Siu-vey.)

Honolulu, June 1, 1883.

Prof. E. S. Holden,

Chief United States Eclip.^c Expedition :

Dear Sir: I have the honor to submit you a report of my observations in connection with

the Total Solar Eclipse of May 6, 1883. In obedience to instructions from Prof. J. E. Hilgard,

Superintendent of the U. S. Coast and Geodetic Survey, I left Washington February 28, and re-

IJorted to you in New York the following day.

During the voyage out some preliminary computations were made. An extended list of stars

was selected, suitable for time observations either at Flint or Caroline Island, their factors com-

puted and checked,* and pairs of stars were chosen for observati()ns for latitude by the method of

ecjual zenith distances.

The instruments furnished by the Coast and Geodetic Survey are as follows

:

instruments.

TRANSIT.

U. S. C. S. Transit No. 2, made by Troughton & Simms, of London, to which a delicate level

was attached before leaving Washington, for the determination of latitude. The aperture of the

telescope is 2f inches with a focal length of 40 inches, and a diagonal eye-piece- was used giving a

magnifying power of 110. The field of view was 12 minutes of arc, one division of striding level —

* The factors A, B, aud C for a small list of time stars were computed at Madison by Mr. PEJfNOCK, one of my
l)upils, aud hauded to Mr. Pkestox for his use.—E. S. H.
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0".83—Olio division of lalitiKh^ level = L".7r». Correction tor pivot iii('(in:ility, inappreciable. A
glass tliapliragni was used, having ruled ii])oii it 1.'5 lines. The e»iuatorial int(u-vals of the three tallies,

determined on the island from the transits of t('u stars of varying declination, are as follows:

Eqiialoriitl hilcrvals, (JIamp Wtsf.

.1.

B_1 -14.50.

2 -12.07.

3 - O.fiG.

C—1 - -1.82.

2 - 2.43.

3 - .01.

4 + 2.44.

5 + 4.82.

D—

1

+ 9.G7.

2 + 12.0G.

3 + 14.49.

CnitOXOGKAPII.

Chronograph ISTo. 8, made by Fautii & Co., of Washington, was used in all time and ]ieii(hi-

luni observations, and also in recording the observations of contacts during the eclipse. Two cells

of the ordinary crow-foot gravity battery were in the circuit, which included two observing keys, a

sounder, Sidereal chronometer (break-circuit), Negus No. 1589 with condenser and the chronograph.

CHRONOMETERS.

The two chronometers employed were Xegus 1.589 and Hutton, 202 both Sidereal, and both

supjilied with a break-circuit attachment. The former breaks every second, omitting the GOth

—

the latter breaks every even second and also the 59th.

PENDULUM.

The pendulum swung was the Yard Reversible, Peirce No. 3, made at the Coast find Geodetic

Survey Office in 1880. It is symmetrical in form with reference to the center of figure, and the ratio

of the distance of the center of mass from the point of support for heavy end up and heavy

end down is as one to three. It is made of brass with knife edges of steel, and was swung on

steel plane.

A small reading telescope for observing the amplitude of oscillation of the pendulum.

A mercurial barometer, No. 1936, made by Green, of New York, and aneroid, by Casella, of

London. Four thermometers, by Baudin, of Paris.

OBSERVATIONS FOR TIME AND LATITUDE.

The pier was finished Sunday afternoon, the 22d of April, but owing to cloudy weather no

observations could be made until the evening of the 24th. From that date stars were obtained

every evening about 7 o'clock until May 8, inclusive, with the exception of May 3, when wet

weather again made it impossible to observe. Good sets were also obtained ~at about 4 o'clock on

the mornings of April 2G, 28, 29, 30, May 1, 3, 7 and 8, these morning observations lieing made

in connection with the gravity experiments.

The method of equal zenith distances was employed for latitude, and this work was carried ou

at the same time as the pendulum work, thus filling up the time between the evening and

morning time-observations. Latitude was thus observed on six nights, but, owing to difficulty
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with tlic inicrometer thread, two of these nights were not satisfactory, and observations on one or

two of tlie others were inuch interrupted by doiids. It was found that on account of the nature of

the climate several spider threads, although tight when put in, hecame quite slack soon afterwards.

Tiie atniosidiere was very moist at night, and during the day the beat was excessive in the

transit tent. After trying with unsatisfactory results several spider threads brought along with

us, and two parallel fine copper wires, which were unsatisfactory for other reasons, it was thought

that perhaps a spider thread found on the island would be less aflected by climatic influences

than those previously tried. Accordingly one was found and put in. It was rather coarse, very

strong, and capable of being stretched tightly, and this one lasted during all the remaining observa-

tions. M. Palisa, of the European Expedition, gave up his diaphragm of spider lines and substi-

tnted a glass one in its place.

The resulting value of the latitude deduced from four nights observations and 16 pairs is 10°

00' 1".C. This value may be changed slightly by the final reduction of all the pairs with

somewhat improved star places. The following is a specimen of the reduction of 1 pair observed

on four nights

:

United Staics Coast Survey. Latitude Computation.

[Latitude station : Caroline Islautl. Instrument: Transit telescope No. 2, with latituile level.]

Date.

Star.

No.

April 29"

May 4 t .

.

May 7 t .

.

May 8t.-

Mean.

269
277

Micrometer.

Kead-
ing.

T. D.
30 39. 5
11 79.0
33 84.0,

15 34. 5'

31 3.5.51

12 91.0,

32 75. Ol

14 11. o;

Diff.

Z. D.

T. B.

18 60. 5

18 49.

5

18 44.5

18 64.0

T.evel.

N.

13.0
10.5

12.0
7.0

Diflf.

N—S,

Declination.

7. 10.

10. 0! 6.0
7.811.0

10. Ol 9.0i
14.5' 3.11

.5.011.21

+14 18

+4. 5 —34 4

Snm and
half sum.

Corrections.

Microm. Level. Eefr,

-1-1.0

—2.2

+5.2

6. 90 —19 46 35. 95!

42.15'— 9 53 17.62—6 44.08+1.96
34.88
17.44—6 41.711+0.44
34.49
17.25—6 40.62
34. 35
17.17—6 44.

7.70|
42. .58

8. 30l

42. 79
8.51

42. 86

—0.96

+2.27

—0.13

0.13

0.13

—0.13

Latitude.

-9 59 .59. 87

58.84

58.96

59.89

-9 59 59. 39

* E. D. P., observer. tS. J. B., observer.
Declination.

One revolution of micrometer —43. 44

One revolution of latitude level = 1-75

Pair.
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The uiiusiKil tliickuess of the spider thread is the cause of the large probable error of

observation. The latitude is deduced from forty measures ou 15 pairs. The tables show the

reductiou of one pair observed ou several uigbts, aud the general summary of all the results.

The last table gives the result for the individual pairs, the number of observations on a pair, and

the weight assigned to each result.

The probable error of observation (e) deduced by comparing each individual result with the

mean result for the pair is ± 0".69.

Probable error of resulting latitude from any one pair depending on the probable error of

observation aud the probable error of the mean of two declinations is e = ± 0".58.

Weight of result by a pair = ^ "

ne^i+ e^ • 10 n + • 48

where n is the number of observations and e'^ the prob. error of the mean of two declinations.

Value of latitude from all the pairs = <»« = :^J''-
''- = 10° 00' 00".59.

Probable error of latitude from all the pairs =J '^^^
^^^"f' ?! = 0".13

V {p— 1) 2 to

where p is the nuadier of i)airs and w = weight.

The latitude of station is then

— 10° 00' 00".59 ± 00".13

DETEKMINATION OF TIME.

Whenever it was possible to adhere to it the following plan was followed : The inclination of

the telescope axis was determined, then a low north star, a low south star, and several stars within

15° of the zenith were observed, after which the inclination was again determined. The telescope

was then reversed and the same programme repeated. Circumstances, however, did not always

admit of this scheme being literally carried out. The inclination was always taken at least every

fifteen minutes, and stars low enough for azimuth were observed, except in one position on one

night, when it was not possible. The preliminary reduction of the transits was made on the island

by Mr. W. Upton, of the Signal Service, and the final reduction by me in part at sea during the

voyage from Caroline Island to Honolulu aud in part at the latter i)lace.

In the final reduction the method of least squares was applied. Each star gave a conditional

equation of the form

ST + aA = a — T— AT
after having corrected the observed transit for rate of chronometer, inclination of axis, and collima-

tion and observation. Each conditional equation is multiplied bj' the square root of the weight of

the observation depending on the star's declination, and the number of threads observed, and then

the normal equations are formed in the usual way. The reductiim for May 7 is given in full.

S. Mis. 110 17
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DETERMINATION OF TIME.

[Caroline Island, South Pacific Ocean, May 7, 1883. Epocli, 0^ W". Daily rate, +3".r>. Colliniation, —0".l.

Clamp west.]

Star.

K Cancvi W
(!Hydr:B W
/3 Argus W
a Hydr'w W
lOLeonis E
vVtu. Maj ! E
6 Sestantis

j

E
n-Leonis ) E
AHydnc I E

Transit.

h. m. 8.

9 52. 18
7 44.11

11 20.84
21 17.70
-26 30.89
42 7.60
44 47.79
.')3 29. 39

10 4 20. .50

—.07
—.06
—.05
--.02
—.01
+.03
+.04
+.06
+.09

Corrections.

Rate. Level. Coll.

.00

.00

.00

.00

.10

.05

.08

.03

.03

8.

—.10
—

10a
—.28'
—.10
+.12
+.20
+.10
+.10
+.10

Ab.

8.

—.02
—.02
—.06
—.02
-.03
—.04
—.02
—.02
—.02

F.

8.

51.99
43.93
20.45
17.56
30.87
7.74

47. 83
29.50
20.64

m. s.

1 26.22
8 18.26

11 56.00
21 51.99
27 5. 05
42 41.72
45 22. 16
54 3. 71

4 55. 04

+34.23
+34. 33
+35. 55
+34. 43
+34. 18

+33. 98
+34. 33
+34. 21
+34. 40

[May 7, 1883. Clamp west. JT =3i'A0.-\

Star.

K Cancri
5 Hydne
Argus

.

a Hydras

+34. 23
+34. 33
+35. 55
+34. 43

— .17
— .07

+1.15
+ .03

i)A M' 1,6 pA.d aA

— . 36 1. 00 — .36 .13— . 17 +. 06 — . 17
221.00— .22, .04|—.07+. Olll- .10

+2. 42 0. 31 + . 75 1. 81+. 36 +.-86:[+l. 14
— .031.00— .031 .00|+.03— . 00+ .01

3. 31+ . 14 1. 98 +. 15 +. 93

^T

8.

+34. 40
.43
.41
.42

p/j

+. 02 +. 02
-. 01 — . 01
-.01

.00
.00
.00

+.01

Normal equations :

3.31 <ST + .14n=+ 0M5; +.14 (ST + 1.98n= + 0^9.3. Henoe a = + 0".47 ; <!T=+0^02; /}T= + 34".42.

[May 7, 1883. Clamp east.]

Star.
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Tlie followiug table exhibits the residuals of each star for the several nights :

TABLE OF STAR RESIDUALS.

Star.
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-0.50

Fig. 21.

CAROLINE ISLAND, SOUTH PACIFIC OCEAN.

[Corrections to Negus 158 , after applying uniform rate.]

tpr24
WS3

->100

->0..50

-0.00

26 28 29 30May 1

=1.00

J L J L
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light, and made an impression not only very positive in its character at the time, hut one not soon

forgotten. Diwing totality it was necessary to have a lantern to read a silvered circle. The same

circle was read in Colorado in 1878 by Dr. Hastings without any artificial illumination.

The time of fourth contact was noted on the chronograph at 4'' 8™ 5.8", and was independ-

ently noted by Mr. C. H. Rockwell by eye and ear method at 8" CO* by same chronometer.

The corrections to Negus 1589 on May 6 were as follows

:

Mean time.
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the loiigitnde of the observiiifj station*
; (2) observations with a prismatic spectroscope during the

total phase
; (3) meteorological observations during the occupation of the station ^d especially at

the time of the eclipse ; t (4) observations of the first and fourth contacts.

SPECTROSCOPIC OBSERVATIONS DURING THE ECLIPSE.

The plan of spectroscopic work designed by Dr. Hastings included observations with pris-

matic spectroscope, which were assigned to me. The instrument used was a telescope made by

GrIjnow, belonging to Mr. C. H. Eockwell. It has an aperture of 2J inches, a focal length of 30

inches, and was for these observations furnished with an eye-piece magnifying 29 diameters.

Before the objective of this instrument was placed a prism of flint glass, having a refracting angle

of 30°. The refracting edge of the prism was placed parallel to the polar axis of the telescope

in order that the spectrum might extend in the field of view in the direction of the diurnal move-

ment of the heavens. By this means a slight movement of the telescope upon the polar axis

only was sufficient to keep the spectrum in the field during the total i)hase of the eclipse. The

apparatus was mounted equatorially upon a simple tripod, and was adjusted with its polar axis

approximately in the meridiah and elevated to an angle of 10°. At the time of observation, the

telescope pointed east of the sun.

With this instrument I was requested to make a special study of the coronal rings, to note

what changes occurred during the progress of totality and to estimate the relative brightness and

height of the several rings at mid-eclipse. In addition, it was designed to estimate the duration

of the reversal of the Fraunhofer lines if this reversal was seen.

In order to form an estimate of the appearance of the spectrum in the instrument, I attached

to it, the day preceding the eclipse, a slit and collimator and examined the spectrum thus formed.

The field of view was sufticient to take in the portion of the spectrum included between B and F,

and the principal lines between these limits were plainly seen.

During the partial phase preceding totality, the encroachment of the moon ui)on the spectrum

enabled me to properly focus the instrument. The solar spectrum, while comi>lete on its violet

end, was cut off at the red end by the advancing moon. The obscuration affected the apparent

lower portion of the red end, but not the whole of it, since the moon was moving from a point

several degrees south of west, and the lunar cusp gave a narrow horizontal spectral line, which

was capable of a sharp focus. Seventeen minutes before the total phase began, indications were

noted of the formation of the Fraunhofer lines on the lower edge of the spectrum. Eight minutes

before the total phase, the principal lines were sharply defined.

Five seconds after the beginning of totality four curved lines were seen, in the expected

positions of the lines C, Da, 1474, and F. A light cloud immediately afterward obscured the sun

and obliterated the lines; on its passage and the return of the spectrum, a small line, of about

one-third the height of the others, was seen between the third and fourth. One hundred seconds

after the beginning of totality, the coronal rings supplanted the lines above described, in color

red, yellowish green, and green, supposed to be C, D3, and 1474. They overlapped each other, and

the exact outlines of the overlapping portions could not be made out. At mid-eclipse a careful

estimate of their width was made ; the first (at the red end) was of the same width as the second,

but the third was over one-half this width. The estimates above given refer to the width on the

eastern or western sides. The width could not be estimated on the upper and lower portions on

* This is given in IV, §. t This is given in IV, J 4.
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account of the overlai)i)iiig of tlie rings. The absolute widtli of any one of the rings was not

estimated at the time, but it was recalled shortly after the eclipse that the width of the green

ring was about equal to three quarters of the distance betAveeu E and F, as seen with the same

prism and telescope.

At the expiration of two hundred seconds of totality, immediately after the above obscuration,

it was noted that the red ring was decidedly the brightest, and it continued to increase in bright-

ness relative to the others during the next sixty seconds. In this interval, also, three spots of

light were seen, red, yellow, and green, due to solar prominences, and when two hundred and ninety

seconds had passed, the four curved lines seen at the beginning of totality were again observed.

The phenomena attending the reversal of the lines were especially noted at the close of the

totality, the reversal not being seen at the beginning of totality either on account of the removal

of the dark shade at about that time or on account of clouds which may have then prevailed as

they were seen a few seconds later. As the end of totality approached, a large number of narrow

bright lines were seen and observed for several seconds before the corresponding dark lines

appeared. The change was instantaneous, or nearly so, the bright lines having been seen for an

interval estimated as five seconds, the wind preventing the chronometer beats from being actually

counted.

During the second partial phase the dark lines were seen for twelve minutes after the end of

totality.

In making the above observations I was assisted by Ship's Printer T. J. Brooks, of the U. S.

S. Hartford, who acted as recorder. 1 dictated to him occasional woixls at intervals during the

totality and also the corresponding times as announced by Mr. Fletcher. From these records,

which were written out more fully during the second partial phase, the above report is derived.

OBSERVATIONS OF THE FIRST AND FOURTH CONTACTS.

These were made with the 2i inch glass used in the spectroscope observations, but with a mag-

nifying power of 63. The time was recorded by Mr. W. B. Fletcher with chronometer Hutton

202. The following is the record

:

FIRST CONTACT.

/(. m. S.

— — 23. Suspected; uot verified.

— — 33.5. Suspected ; not verified.

— — 4L5. Suspected; not verified.

1 48..'i. Seen; not too l.ate by more tliaii 2».

The chronometer had a correction of + O^.S on local sidereal time. The above time reduces to

10" 3™ 38«.0 local mean time.

FOURTH CONTACT.

9. Still seen.

14. .Still seen.

KJ. Sharp piojectiou on the moon's disk goes off.

The chronometer had a correction of -f 9».5 on local sidereal time. The above time reduces to

!' 10"" 35».0 local mean time.

It will be observed that this observation is about ten seconds earlier than those of the other

observers of fourth contact. This discrepancy I can explain only on the supposition of an error

of 10» by the time-keeper. The observation was peculiarly good on account of the sharp projec-

tion noted on the moon's disk, and could scarcely have been in error 2* as the definition was good.

k.
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Ou tlie other, liaud, the origiual pencil record of the time is plain, and there can be no doubt that

the time was noted as given above.

I have the honor to be, very respectfully, yours,

WINSLOW UPTON.

REPORT OF ENSIGN S. J. BROWN, U. S. NAVY.

U. S. S. Haktford, at Sea,

(Long. 147° W., lat. 2° S.)

Prof. Edward S. Holden:

SiE: Having been detailed by the Navy Department as a member of the U. S. Solar Eclipse

Expedition, in accordance with the instructions contained in my orders, I conferred in regard to

my duties with Prof. J. H. C. Coffin, U. S. Navy, secretary of the committee of the National Acad-

emy of Sciences on the Solar Eclipse. I was given written instructions to the effect that the com-

mittee desired me, in all my scientific work, to place myself under your instruction and directions

as chief and scientific head of the expedition.

In pursuance of those instructions I have the pleasure to submit to you the report of my work.

I left the Naval Observatory February 28, taking with me the following instruments: 4-inch

comet-seeker, 42-iuch focal length ; Si-inch equatorial, 42-inch focal length ; sextant and artificial

horizon ; two chronometers.

By your direction I took charge of all the chronometers in the party, intending to use them in

determining the chronometric longitude of the place selected for the observations. But after leav-

ing Callao, Peru, on account of sickness and great prostration, I gave up the care of the chronom-

eters to Mr. Upton. Subsequently my duties connected with the gravity experiments and obser-

vations for latitude took up my time so completely that I could not resume charge of them.

With the comet-seeker I had planned to sweep^during totality for intra-mercurial planets. To

aid iu this, I had constructed a chart, embracing stars of the 7.5 magnitude, and extending 32° in

E. A., and 10° in declination in the neighborhood of the ecli^jsed suu. But after a full discussion

with yourself and Dr. Hastings, as to the greater importance of certain spectroscopic observa-

tions which you wished to have made, I decided, in deference to your wishes, to use instead an

integrating spectroscope devised by Dr. Hastings.

My work ou the island comprised, (I), siiectroscojiic observations
;

(II), computation of time

of contacts and observations of the first and fourth
;

(III), pendulum observations in conjunction

with Mr. E. D. Preston, U. S. Coast and Geodetic Survey, iucluding observations for latitude.

I. Spectroscopic Observations.

In these observations I used an integrating spectroscope with an effective aperture of \% inch

and a magnifying power of 9. During the passage from Callao to the Island, I used the spectro-

scope frequently to familiarize myself with relative positions of the Fraunhofer lines. After our

arrival, the effectiveness of the instrument was much increased by placing a double concave lens

between the slit and the objective of the collimator. The instrument was devised by Dr. C. S.

Hastings, who was in charge of all spectroscopic work, and a full description of it will be found in

his report. It was attached to the 3-inch equatorial,* which was pointed by Passed Assistant Sur-

geon W. S. Dixon, U. S. Navy, who used it at the same time on making sketches of the corona.

* Till! instrument used by Mr. Brown was strapped to the outside of the tube of Dr. DixON'S telescope, which
was constantly pointed at the sun's center.—E. S. H.
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The plan of observations laid out by Dr. Hastinc^s was a.s follows:

(1.) To observe the reversal of the Fraiinhofer lines an«l ciuleavor to estimate their dnration

(2.) To note what lines persisted longest after the reversal.

(3.) To search for faint red lines below in the spectrnni of the chromosphere, and two faint

green lines between 1)3 and 1474 of the coronal spectrum. >

(4.) To search for dark lines in the coronal s])e(^trum.

I failed to detect at the beginning or the end of totality, the reversal of the Frannhofer

lines; at tlie beginning of totality they disappeared in.stantaneously, and the dazzling, continiions

spectrum of the sun was as suddenly greatly diminished in brightness ; at the same time tlie briglit

lines of the chromosphere made their appearance, lasting but a few secoud.s, when they disappeared

gradually and simultaneously, with the excei)tion of the line 1474. This increased steadily in

brilUaney, while the continuous spectrnni grew fainter. A few seconds after the disappearance of

the chromos])heric lines, a light cloud passed over the eclipsed sun, and after its passage I began

my search for the phenomena I wished to observe. There was only the blight line, 1474, visible,

and this was intensely brilliant. I was greatly perjilexed by the absence of all other bright lines,

and I searched for a long time in the red, yellow, and green, without taking note of the time, think-

ing the other coronal lines might be very faint. AVhile engaged in this I detected what appeared

at first to be faint dark lines in the orange red. This appearance of there being several lines, lam
now inclined to ascribe to the fact that the line was very faint, and appeared only at intervals, dis-

apxiearing and again reappeariug in quick succession. This I saw several times during the first

lialf of totality. As Mr. Fletcher called out 190, I began to fear that the spectroscoije slit might

be too narrow, and widened it; after this I did not see the dark line.

As there continued to be visible only the one line, and as I had searched thoroughly for others,

I began to experiment with the slit width, but succeeded in bringing out nothing else. While en-

gaged in this I was greatly surprised by the reap])earance of the bright lines of the chromosphere.

In ray anxiety I had ceased keeping track of the time, and at first mistook them for the other bright

lines for which I was seeking. While comparing them one with another, in order to determine their

relative magnitude, I observed a very faint red line a little less refrangible than C. But just at

the time I picked up this line, I became aware of their true nature by hearing Mr. Fletcher call out

that the eclipse was over, so that I obtained only a momentary view of it. The lines visible at the

time were (7* (which 1 did not examine closely) ; F, a very bright blue ; 1474, a dazzling line in the

green, but not so bright as it had been during mid-totality; l)j, a bright, yellowish-green line; C,

a broad and very bright red line; just a little below U was the faint line of which I liave spoken,

and which, though very little brighter than the red of the continuous spectrum, was distinct from it.

As I thought at the time these lines were those of the coronal spectrum, 1 estimated their relative

rightness in magnitude, as follows: 1474, 1; F, lio; C, 2; D3, 3; CI, 1

They lasted between 20 and 25 seconds; Mr. Fletcher had but shortly ceased calling out the

time, and tjie end of totality took place 35 seconds after his last call.

II. Computation of contacts, and observed times of contacts.

Using the approximate position of Caroline Island (Lat. 10° 0' 1".30 South, Long. 150° 15' 00"

West), I computed the times of contact as follows:

I. lO'' 3" aS^"" L. M. T.

II. 11 ;il 50.04.

III. 11 37 21.24.

IV. 1 10 33.'-.

• Thi.s line Is not G, but the line of li. (lroj,en just below G.—E. S. H.

S. Mis. 110 IS
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Position angle of contact;

I. 240° r).'}'.

II. 4GO 21'.

III. 270° 44'.

IV. 720 27'.

Tlie observed times were as follows :*

CONTACT I.
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connected with chronometer 158!) Negus. I observed the first contact at C. T. 1'' ()"' :i~)^. I am

sure it was at least 5 seconds hite, and so recorded immediately after marking the time.

I. IV.

k. HI. A-. b. Ill, s.

C. T 1 to :r).(M) .1 8 1

C. Cor ^'.•.ti4 .. .. :in. i;!

L. S. T 1 1 I. (it 4 8 :!i. i:i

s. R. A a 5:5 i-z.:M -z r>7 38.y

Sid. Int -^i 7 22.27 1 Id .^2.23

Cor 3 37.45 .. .. 11.62

L. M. T 10 3 44.82 5 sccoikIh l<ati'. 1 10 40.61

III.

—

Pendulum and latitude observations.

At the request of the Superintendent of the Coast and Geodetic Survey, Prof. J. E. Hilgard,

I assisted Mr. Preston in the Pendulum Observations at Caroline Island. Mr. Preston in his

report has given a full account of tlie instruments employed; I will only report concerning my
share of the observations.

Before leaving Washington I received instructions at the Coast and Geodetic Survey office as

to the methods : and assisted, during the week previous to leaving Washington, in the necessary

preliminary observations at the Smithsonian Institution.

On Caroline Island 1 was bu.sily engaged from the 22d to the 25th of April in unpacking and

setting up the pendulum apparatus and assisting in setting up and adjusting the transit instrument.

From the 25th to the 29th, inclusive, I observed pendulum transits from 7 p. m. until 5.30 a. m. the fol-

lowing morning. On April 30, May 1, 6, and 7, 1 observed from 7.30 p. m. to 2 a. m., Mr. Preston

relieving me at that hour.

On May 4, 6, 7, and 8, in addition, I made observations with the reversible transit instrument

for latitude. Mr. Preston has detailed in his report the difficulties encountered by warping and

slacking of micrometer spider lines ; the one he finally succeeded in getting taut enough having a

diameter of 8". In many of my observations for latitude I found it necessary to bisect stars oft'

the middle thread, and accordingly I was obliged to determine the inclination of the micrometer

thread. The manner and results will be found in Mr. Preston's report. I will only say in regard

to my observations for latitude that, considering the difficulties under which they were made, I

am more than pleased with the accordance of the results. I have made a preliminary reduction

of 22 pairs which gave me a latitude of

S 10° 0° 1".30 ± 0".47

This I expect will not differ from the final, except in giving a somewhat larger probable error.

Eespectfully,

S. J. BROWN,
Unsign, U. 8. N.

(g.) REPORT OF LIEUT. E. F. QUJLTROUGH, U. S. NAFT.

U. S. Steamer Hartford,

At Sea, May 14, 1883.

Prof. Edward S. Holden,

Chief of TJ. 8. Eclipse Expedition to Caroline Island, 1883 :

Dear Sir : In accordance with your request, I volunteered to join the Eclipse Expedition, and

to conduct the photographic observations, with the photoheliograph brought by Messrs. H. A.

Lawrance and O. K. Woods, the English scientists sent out by the Royal Society of England.
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After all preliminary arraugeuieiits liad l)eeii made, I received orders from my commimdini;

officer, Capt.C.C.CARPENTEK,!!. S. Navy, to assume the command of the officers and men bindcd

to assist the Eclipse Expedition.

I have the honor to transmit fo you herewith a repurt of the work done by me during; the

eclipse.

The instrument used by me consisted, essentially, of two photoheliographs, the tnbes of which

were equatorially mounted on along iron pilhir or stand. Mr. Lawuance has kindly siipi>]ic<l nic

with the following- concise description of the apparatus.

This instrument was constructed by J. H. Dallmeyek, of London, England, for the purpose of

taking photographs of the transit of Venus in 1874. The brass tube is mounted equatorially, and

is driven by a clock regulated by a conical governor. Tlie object glass is achromatic, with an

aperture of i inches. The focal length is between 5 and (! feet. The image is magnified to 4 inches

in diameter by a secondary magnifier placed at the principal focus of the object glass. A long

mahogany box, carrying at one end a rapid rectilinear lens, by Dallmeyee, with the back (M)nibi

nation removed, and at the other end a 3J by 4^ camera was designed to clamp to the brass tube.

The focus of the object glass was about 5 feet.

Much trouble was experienced in arranging the various parts of the instrument, but the ex-

traordinary efiforts of Messrs. Lawbancb aud Woods were crowned with success, and by per-

sistent hard labor the photoheliograph was eventually set up and adjusted.

A strong pier of bricks aud Portland cement was built aud leveled very carefully, after which

the iron pillar was placed upon |he foundation so obtained. This pillar was in three parts, which

were held together by iron bolts.

The brass tube was fixed in place with great difficulty, as the holes in the carrying plate were

not in line with those in the straps encircling the tube, and it was therefore impossible to use the

bolts to secure it. It became necessary to resort to lashings, and, accordingly, two strong copper

wire seizings were passed around both tube and carrier plate, after which a strong lashing of

white line was added to render the fastening as rigid as possible.

When it became desirable to affix the mahogany box to the brass tube, one of the blocks made

to clamp around the tube was found in two peices, aud it was necessary to secure tliis block also

by a lashing of white line.

Owing to a lack of proper facilities, it was not an easy task to get the tubes parallel, and it

was still more difficult to retain this adjustment when once obtained.

The method used by Mi'. LawkANCE to focus the instrument was the following:

1. A sharp image of the cross-wire at the principal focus of the object glass is obtained by

moving the secondary magnifier.

2. The object glass was screwed in or out, until the image of the sun was brought to focus.

The parallelism of the tubes was renewed each day up to the day of the eclipse.

There was considerable vibration to the hing brass tube, one cause of which appeared to be a

lack of strength in the iron pillar, near the top, to resist torsional strain. Even the slight jar

occasioned by entering or withdrawing a plate gave rise to a vibratory motion, and, although the

trees gave great protection from the prevailing wind, a strong breeze caused the tube to tremble.

With a view to remedy this as much as possible, guys of iieavy white line were set up to stakes

driven into the earth, on either side of the pillar, and these gnys were frapped together about one-

fourth of the distance from the top, in which manner the whole system of stays was brought very

taut. As an additional precaution the hishings and guys were wet about an hour before totality

in order to bring them as rigid as ^lossible at the time of tlie observations.
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Hy s'rcat care anil atti'iitioii tlic clock was broiiyht to perforin well on Saturday, tJic Htli

instant, hut it rccinircd furtlicr adjustment ou tbe inoruiug of tlic Gtli.

Tlie plH)tolieli(>grapii was focused on Saturday, tlie 5tli, by Messrs. Lawbance and Woods,

and the tubes were marked, circles read, and all made ready for tlie coining event.

Practice rehearsals were begun ou May 1, and continued, at the rate^of two or three each

day, up to the daj' of the eclipse.

The morning of May <i was somewhat uupropitions, as it was overcast 'and cloudy, and

between eight and nine o'clock rain fell, but tlie weather began to clear afterwards, and although

there were many clouds in the sky, a clear view of the eclipse was obtained at totality.

I gave the [iliotoheliograjjh a final adjustment during tlie forenoon, and was at my post

prepared for the work in hand some time before totality. The clock could not be brought to drive

at an uniform rate of speed for any great interval of time, and conse(iuently,after workiu"- with

it up to the last ten minutes before second contact, I was compelled to use it performing only fairly.

In addition to the pliotoheliograph, it was at first intended to sii|>](ly me with a small camera
for making a single long exposure during totality, but, finding by a trial on the night of the 4th

that no good result could be looked for, Mr. Lawbanck withdrew it.

Special care was given by me to the manipulation of the plates during totality.

From the beginning to the end of totality I exposed six plates in tlie mahogany tube, and

three plates in the larger, or brass tube, according to the following time-table, which was arranged

by Mr. Lawrance :

TIME TABLE FOR PHOTOHEHOGRAPHS.

Time iu seconds.
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NAKED-EYE VIEW.

Hefore the begiuuiug of totality aud during its progress I liad several oi)i)ortiinities of getting

a naked eye view of the awe-inspiring phenomenon. As the eclipse advanced, the sky showed a

peculiar coloring which gradually became darker. The trees, tents, etc., were also singularly

tinted.

About the time of totality a moderate number of stars ai)peared, but the darkness was not

so intense at any time during the eclipse as I had expected. I could see the cami) and surround-

ing landscape, and noticed some frigate birds sailing about in the air. My lamp seemed to throw

no additional light on the programme I had prepared, and I think I could have dispensed with

any artificial light.

During totality the moon was surrounded by a beautiful halo of silvery light, its color remind

-

iug me somewhat of the electric light, and shining through or over this halo were long white

streamers, which diverged ray-like from the edge of the moon's disc.

The sky immediately surrounding the sun and moon was of a dusky hue, darkest toward the

bodies. This dark tint was disc-shaped and seemed to fade toward the outer boundary.

During the eclipse I was assisted by Seaman Gunner Horace Yewell, of the Hartford, and

to his intelligent action much of the success attending my efforts is due. He also arranged the

guys aud lashings, and assisted in setting up the instruments.

Very respectfully,

EDWAKD F. QUALTROUGH,
Lieuienant United States Navi/.

ADDENDUM TO THE REPORT OF LIEUTENANT QUALTROUGH, U. S. N.

U. S. S. Hartford, 2d Rate,

At Sea, May 23, 1883.

j^EAR Sir: Mr. Lawranoe having expressed a desire that some additional details concerning

the handling of the plates should find a place in my report of the operations of the photoheliograph,

I take pleasure in sending them herewith.

About forty minutes previous to totality, Mr. Lawranoe brought the photographic plates to

me, and remarked that he feared the six-inch plates were light-struck. I placed them under a

waterproof blanket at once and kept them in total darkness until used.

Shortly before totality the clock was wound, and at ten minutes before second contact the

sun was brought in the center of the screen of the large instrument. One minute before second

contact the first plate holders were inserted, and screens were placed over the object glasses by

Yewell. As soon as the screeus were in i^lace I drew the slide, and, when the signal for totality

was given, ordered Yewell to remove the screens.

The exposures were made according to the table given in my report.

After the plates had been exposed they were carefully returned underneath the rubber

blanket, and after totality were taken charge of by Mr. Woods.

When the oriented plates were taken by Mr. Woods about half an hour later, the sky was

quite cloudy.

Very respectfully,

EDWARD F. QUALTROUGH,
Lieutenant United States Navy,





Fig. 22.

—

Dr.^wing of the CoroiNa, hy Dr. W. S. Dixon.
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(A.) liEI'ORTOF DR. W. S. DIXON, U. S. N.

U. S. S. Hartford, May 7, 188.3.

Sir: Agreeably to your instructions, I herewith submit the following report of my operations

upon the day of eclipse, and of the observations made upon the fauna and Hora of Caroline Island.

The tiiree partitions are respectively marked A, B, and (!.*

Very respectfully,

WM. S. DIXON,
P. A. Surgeon.

Trof. E. S. HOLDEN.

nUSKRVATIQNS OP THE ECLIPSE.

The instrument used for observing the corona was a Clark's portable equatorial, 00 i mag-

nifying power and 34 aperture.

The legs of the tripod stood tirmly upon blocks driven in the ground, and the instrument was

sufficiently steady for the work required. The definition was good. A diagonal eye-piece, with

cross-wires arranged in the meridian and parallel, was used. The north point was at the apparent

top of the field, and the west point at the apparent right hand.

A spectroscope, lashed to the tube, was used during the period ot totality by Mr. S. .1.

Browtj.

Previous to totality I made notes and observed time for Mr. E. D. Preston.

Upon the first glimpse of the corona, I believed it possible to make a satisfactory representa-

tion of its structure ; but, with the exception of two or three features, soon discovered that inexpe-

rience would prevent a complete delineation.

To the right of the spider line in the meridian, at the upper part of the corona, the first large

tail of light was filamentous to a great extent, irregularly arranged, a majority of the fibers, how-

ever, assuming a curved direction trending to the right. Nearly, or quite all the fibers, were tinted

a delicate lilac. An apparent movement among them seemed to be due to changes in the depth of

color that continued as long as I dared devote to that particular portion of the spectacle. Just

above the parallel wire on the right side, and extending one-fourth diameter from edge of moon,

there were numerous narrow threads or fibers, apparently colorless, but having a more perceptible

movement even than the fibers in the tail of light before mentioned. These threads, also, were

irregularly arranged, some of them almost bowed, and presented the appearance exhibited by a

wheat field during the prevalence of a strong wind.

About 12.5° from the meridian line above the moon there was a rift'or dark streak on the left

side that extended one-half diameter from edge of black disk. Ends of prominent tails split up

into two or more acute points. Between the prominent tails of light there were numerous smaller

oaeSj exceedingly narrow and acutely pointed, many being mere pencils of light, and all of homo-

geneous character. The two red prominences observed corresponded, approximately, to figures 1

and 5 on face of watch. The original copies and drawing are herewith appended, t

* The portions marked B .and C hiive been given uuder the proper headings in section IV. of this report, and are

not repeated here.—E. S. H. '

t These have been carefully lompared and the last copy (only) is reproduced here.—E. S. H.
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(i.) ItEPORT (IF MIDSHIt'MAN W. Jl. FLKTCHEB, U. S. N.

\J. S. S. Hartford, Second IJate,

At Sea, May 19, 1SS3.

Sir: The following is the report of my tiinecountiiis dnring- the total eclipse of- the sun of

May 6, 1883.

The chronometer used was " Hutton" No. 202, keeping local sidereal time; chronometer error,

slow 9. .5 seconds. The chronometer time, ten minutes before the time by computation of second con-

tact, was 2'' 18'" !iS''. At this time I commenced and called out each minute. Id, 9, S, 7, &c., to 1.

Prom 1'" every ten seconds, 50, 40, &c., to 0.

I then marked the time of second coiitact, observed by Mr. E. T). Preston, of the United States

Coast and Geodetic Survey, wliich was 2'' 29'" 19", and ten seconds thereafter called out 290, and

each succeeding ten seconds, 280, 270, 260, &c., ,to 0, Then 1 marked the time of third contact,

which was 2'' Si"" 44.5", and called out each interval of ten seconds up to 1"", then each minute up

to ten njinutes.

In addition to tliis I marked the times of first and fourth contacts, observed by Mr. W. Upton,

United States Army Signal Oftice.

During the remainder of the time on the island I was engaged about six and one-half days in

the field-work of a survey of the island, and three and one half days iu plotting the survey, under

the direction of Lieut. E. F. Qualthough, U. S. N.

Very respectfully,
W. B. FLETCHER,

Ifaval Cadet, U. S. W.

Prof. Edward S. Holden,

In Char(/e of JJ. S. Eclipse Expedition.

U-) REPORT OF MIDSHIPMAN DOTLE, U. S. N.

U. S. S. Hartford, Second Rate,

At Sea, May 19, 1883.

Sir: The following is a report of my pointing of M. E. D. Preston's telescope during tlie

eclipse of May 6, 1883. The pointings began and ended with totality; during which time I pointed

the telescope at eleven different parts of the corona. The situation of these points is shown on the

diagrams accompanying this report. No. 1 (omitted) is my original ; No. 2, a copy. I attended

all rehearsals and practiced at pointing the telescope at ditterent places, and at estimating dis-

tances in terms of the sun's diameter. In addition to the above, I assisted Lieut. E. F. Qual-

trough, U. S. N., to make a survey of Caroline Island.

Very respectfully,
JAS. G. DOYLE,

Naval Cadet, U. S. N.
Prof. Edward S. Holden,

In Charge of U. S. Eclipse Expedition.

(i). MEMORANDUM IN RFMAUl) TO THE PHOTOdRAPHW OBSERVATIONS OF THE ECLIPSE.

[Note.—The followiu^' memoniiKluni iu repaid to the iiistruiiieuts ami icsiiUs of the English p.arty has been

kindly handed to me by Mr. H. A. Lawrance at my leqiiest.—E. S. H.]

The English party consisted of two observers, Mr. H. Aubrey Lawrance, F. C. S., assistant

to the committee on Solar Physics, and JIi'. C. Ray Woods, of the Normal School of Science, South
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Kensington, formerly assistant to Captain Abney, R. E. The instruments muler the charge of Mr.

Woons were not pointed directly to tlie sun but placed horizontally, the light being reflected to

them by a siderostat made by Cooke for the Royal Society, possessing a 12-iuch plane silver on

glass reflector. Four instruments were used in connection with it, and were arranged thus

:

1. An integrating spectroscope made by Hilger, with a long collimator of 3° angular aperture,

and 4i feet focus, with one large white glass prism and Dallmeyer lens of three-inch ajjcrture,

throwing an image on to a plate placed at a considerable angle by means of an extra swing back.

The instrument was adjusted with F in the center of the field, and the photographic plate was

moved regularly across the opening by means of clock-work.

2. To the left of number one was placed a slit spectroscope for photographing the spectrum of

the corona, the image of the latter being projected on the slit. Two prisms and a camera of short

focus were used, only one plate being exposed throughout totality. This instrument is the same

.

that was successfully used at Sohag last year, with this exception, that only one prism was used

on the previous occasion.

3. To the right of number one was placed a prismatic camera with a lens of about 24 inches

focal length and about 2^ inch aperture, and a white glass prism of 00°. It was adjusted with F
in the center of the plate, as in Egypt, when a successful result was obtained from the blue to the

red end.

4. On top of the three preceding instruments was placed a Rowland grating, which was

adjusted for parallel rays. Two cameras were attached to it, one of them taking in about 6° of

the first order, with F in the center of the field, and the other embracing about Qo of the second

order on the same side, with H in the center of the field. The result desired in this instrument

was the ring spectrum more widely dispersed than the jirismatic camera would give it.

The integrating spectroscope gave a satisfactory result, photographing prominent lines in

the reversion spectrum at the beginning and end of totality. The slit spectroscope, for the corona,

was also very satisfactory, a good photograph of the coronal spectrum from the ultra violet to the

green being obtained. The spectrum was mainly continuous with a number of bright lines. Good
photographs were also obtained with the prismatic camera, but the faintness of the comparatively

few rings that were visible during this eclipse render the results less striking than the result

obtained in 1882. Bearing this in mind, no surprise will be occasioned at the failure of the Row-
land grating. Had such a series of rings appeared as were seen in 1882 a satisfactory result would

probably have been obtained. Mr. Lawrance had a 6-inch achromatic telescope, equatorially

mounted by Cooke of York, driven by clock-work. Attached to it was a Rutherford grating,

17,000 lines to the inch, mounted by Adam Hilger, of 1 Morniugtou Crescent, London, at a few

hours' notice. On each side of the grating was a camera, with lenses by Dallmeyee, one point-

ing to the first and the other to the second order.

Clamped to this telescope was a 6-inch rapid rectilinear photographic lens, by Dallmeyer, of

about 4 feetjfocus. This lens was provided with a slit spectroscope, with a dense yellow-glass

prism, which gave a well-dispersed image on the camera screen.

In each of these three cameras the F line was in the middle of the plate.

All the cameras were made by Philip Meagher, and these three and the two used with the

Rowland grating were provided with an arrangement whereby the sensitive plate was moved by

a rack and pinion across the image of the spectrum, thus saving a great deal of time which would

otherwise have been lost in changing plates.

Mr. Lawrance started taking photographs ten minutes before and continued doing so till ten

minutes after totality. He was successful in obtaining some of the bright lines before and after

S. Mis. 110 19
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totality in the first-order spectrum and prismatic spectrum, aiul the second-order spectrum may

show soniethiiig when examined under suitable conditions.

During totality he examined the sun with a direct-visiou prism. He saw the 1474 ring very

bright and strong and C and D3 very faint, no trace of F, and a lot of continuous spectrum. Last

year in Egypt, with the same instrument, he saw C, F, and D3 very bright and 1474 faint.

A photoheliograph that the English party brought with them was used by Lieutenant C^ual-

TROUGH, who obtained some very successful pictures.

Messrs. Lawrance and Woods state that the general appearance of the corona was veiy

like that of last year, and very much more brilliant than they anticipated it would be.
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EXPERIMENTAL DETERMINATION OF WAVELENGTHS IN THE INVISIBLE

PRISMATIC SPECTRUM.

A COMMUNICATION TO THE NATIONAL ACADEMY OF SCIENCES, IN AFRIL. 1K83.

[Note.—The following investigation w.as made at the expense of the Bache fund and is i)nl)lisbed here by the

permission of its trustees.]

In September, 1881, while eugaged upon Mount Whitney in measnj ng- with a linear bolometer

the heat in the invisible spectrum of a flint prism, I came upon a hithe. lo unknown cold band whose

deviation indicated a (probably) very great wave-length.* We have had up to the present time

no way of measuring such wave-lengths directly, but are accustomed to determine them by more

or less trustworthy extrapolation formnlre, the best known of which is Cauchy's. Accordingly, I

attempted to calculate the wave-length by Cauchy's formula, but was conducted to an impossible

I'esult—the formula declaring that no such index of refraction as I had measured was possible in

the prism in question. But the measurement was a fact beyond dispute, and this drew my attention

to the grossness of the errors to which the customary formulie may lead.

Every prism gives a diftei-ent map of the spectrum, nor when we find a band or line by the

prism have we any means of fixing the absolute iilace, except by a reference to the normal or wave-

length scale, or to one derived from it.

It is desirable to define at the outset the sense in which the term " normal " is here used, as a

synonym for " wavelength" spectrum.

The amount of energy in any region of the spectrum, such as that in any color, or between any

two specified limits, is a definite quantity, fixed by facts which are independent of our choice, such

as the nature of the radiant body, or the absorption which the ray has undergone. Beyond this,

nature has no law which must govern us in representing the distribution of the energy, and all

maps and charts of it are conventions.

If the length of the spectra formed by any two different agents, such as a prism and a grating,

be made equal, it does not then follow that the lengths of similar portions must be equal. In the

case supposed, we observe in fact that the red portion (for instance) of the prismatic spectrum will

be narrower than the red portion of the second. But since the amount of energy in the red must

be really ^he same in both, we must, in a graphic representation of this energy, increase the height

of the ordinates in the red of the prismatic spectrum, so that the areas shall remain the same.

The position of the maximum ordinate is then (in one sense), a matter of choice, and fixed

only by the scale we elect to emjdoy. We find, for instance, in the prismatic spectrum, that this

ordinate is in some part of the infra-red, depending on the particular prism used; while, in the

grating spectrum, it is, under the same circumstances, always in one part of the yellow; and we

might conceive of an apparatus which should always exhibit it in the ultra-violet, or which should

even show the same energy at one wave-length as at any other, or embody any other arbitrary

* Since designated as " C ."

149
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mental picture of it. It is certainly a practical consideration of the first importance that no such

apparatus actually exists ; but still, whether it exist or not, in so representing the distribution of

energy, we should break no law except that imposed by considerations of simplicity and con-

venience.

Did the word " normal," then, signify " absolute," there would be no spectrum, exclusively

entitled to such a name; but, in this conuection, the word is always to be understood in its radical

meaning of an accepted rule or type of construction. Such a type exists in the wave-length

spectrum; and it has obtained general acceptance, not only on account of its simplicity and con-

venience, but of its, at present, unique claim to be a "natural" one. It is properly distinguished

as the "natural" scale from its not merely representing a mental picture of the distribution of the

energy, under a very simple law, but of actually being that which we do produce by our most

efficient optical apparatus, and make visible and measurable at will.

While we remain at liberty, then, to represent the energy spectrum in terms of the wave fre-

quency, or of the reciprocal of the square of the wave-length, or of any other function of it, and

while we may often find occasion to use these scales for some special purposes, we are (and all the

more especially that we habitually speak in terms of the wave-length) led by considerations of a

very practical kind to take as our normal or standard scale that of the wave-length itself.

Since we have this normal spectrum actually before us, through the concave gratings con-

structed by Professor Rowland, it may seem as though we might dispense with the prism
;
but

this is not as yet possible for the lower part of the spectrum, where overlapping spectra and feeble

heat make the use of the grating too difQcult. If we could use the solar energy here, not in the

form of heat, but of chemical action, as in photography, a great advance might be made ; and there

is reason, I believe, to hope that the labors of Professor Rowland and Captain Abney will ere

long do this for us with precision. At present, however, we have only heat, and the thermopile or

the bolometer; which latter, though less sensitive than the camera, can be made, as I shall show,

to determine experimentally, within known limits of error, the actual wave-lengths corresponding

to given indices of refraction, and hence to afford here valid experimental data for passing from the

prismatic spectrum to the normal one. The reason why this so desirable information has never

been obtained before is two-fold : (I) While the measurement in question can best be made by

means of a prism and grating conjointly, the heat, which in the lower prismatic spectrum is very

faint, becomes almost a vanishing quantity when it has passed the grating also, where the heat is

on the average less than one-tenth that from the prism. We must use too, if possible, a narrow

aperture to register this heat ; for a broad one might (on account of the compression of the infra-

red by the prism) cover the whole field in which its work should be to discriminate. (2) We must

have not only an instrument more sensitive than the common thermopile, but we must devise some

way of fixing, with an approximate precision, the point at which we are measuring when that point

is actually invisible.

The apparatus I have devised for this double purpose has done its work with a degree of

accuracy, which if it may be called considerable, as compared with what we have been used to in

heat measurements, is yet necessarily inferior to that obtained by the eye, and less than we may

hope for at some future time, from photography. Nevertheless it has, I believe, given experi-

mental data very far outside the visible spectrum, by which we may either construct an empirical

formula and supply its proper constants so that it will be trustworthy within extended limits, or

test the exactness of such formula; as Cauchy's, Redtenbacher's, &c., which, while professing

a theoretical basis, only agree in their results within the limits of the visible spectrum (from which

they have been in fact derived, and where they are comparatively unneeded). They contradict
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each other, as will be seen, as soou as they are called on for information, in the region outside of

it, where they would be chiefly useful.

The present work bus been preceded by a new map of the invisible prismatic spectrum, where

the abscisste were proportional to the deviations in a certain prism. (See Comptes Eendus de

I'Academie des Sciences Sep. 11, 1882, and Am. Jour, of Science, Vol. XXVI, Plate III.) Ami

the immediate object of this research is to pass from the arbitrarily si)aced prismatic scale belong-

ing to the particular prism in question, to the present map on the noruud and absolutely general

one (Plate XII), which was indeed also presented in the sauu> journals, but in advance of the present

detailed description of the means used to obtain it. (The drawings referred to are here given in

detail in Plate XII.)

I should perhaps make the cautionary remark, that the general conclusions here offered, as to

the relation of wave-lengths and indices of refraction, have been drawn from the observations on

a single prism and have not been experimentally verified on others. This is on account of the ex-

tremely slow and laborious character of the process used (which has involved some months of labor

for this special prism). Though there seems no reason to doubt the generality of our conclusions,

it may be hoped that these experiments wiU be repeated with prisms of other material, and by

other observers, now that the preliminary obstacles have been removed.

In order to map the spectrum on the normal scale, where the wave-lengths are equally spaced,

from such a map as that shown in Plate XII, in which the consideration of wavelengths does not

enter, it is necessary to establish some relation between the wave-lengths of rays and their devia-

tions, or between their wave lengths and refractive indices, which are connected with the devia-

tions by the well-known forrnula

. '{a+d)
sin- '2

—

n= —

5

. a
sin^

where a=:the refracting angle of the prism, <Z = the deviation, and » = the corresponding index of

refraction. In the visible spectrum, the deviation, in any prism, of the Fraunhofer lines (whose

wave-lengths have been very accurately determined) can be measured by means of an eye-piece

with cross-wires ; and, from a sufficient number of such measurements, by making ordiuates propor.

tional to indices of refraction (or deviations) and absciss* proportional to wave-lengths, a curve

may be found whose equation is n — {tp) A or <Z = (cp) A, representing the required relation to any

degree of exactness.

In the invisible spectrum the difiQculties are immensely greater and demand special means,

not only on account of this invisibility, but owing to the absorption by the prism and to its com-

pressing the rays.

The prism here used was made by Adam Hilger, of London, and its optical properties are in

every way satisfactory. It is of a white flint, which has proved singularly transparent to the

longest so!ar waves. Its principal constants are

:

(1) Size of polished faces, 53»"" by 49°"".

(2) Specific gravity, 3.25.

(3) Refracting angle, 62° 34' 43".

(4) Index of refraction (given in Table III).

APPAKATUS FOR MEASURING OBSCURE WAVE-LENGTHS.

In 1882 an apparatus was employed in which invisible rays, after passing through the Hilger

prism, at a known deviation, fell on a Rutherfukd reflecting grating (either of 681 lines to the
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millimeter or half that juimber) from which the, diffracted invisible ray fell on the bolometer at a

measured angle with the grating. By the use of the known formnla {ns \=sin i-\-sin r), connecting

the angle of dittractiou with the wave-length, the wavelength was then found.

Several determinations were thus made of wave-lengths in the upper part of the infra-red,

where the heat is relatively great; but, though the definition of the Eutherfued grating was

admirable, it was not large enough to supply sufficient heat to enable measures in the lower infra-

red to be made with confidence.

In May, 1882, I had the good fortune to secure one of the very large concave gratings, then

newly constructed by Professor Eowland, and which he was kind enough to make for me of a

very short focus, so as to give a specially hot spectrum. After many essays, during which a great

number of mechanical and optical arrangements for getting rid of the superposed spectra were

tried with unsatisfactory results, it became clear that, for this large and concave grating, it was

necessary to let the ray fall first on it and then on the prism, thus making the wave-length the

known and the deviation the unknown quantity.

In the use of this form of grating, the slit is placed In the circumference of a circle whose

diameter is equal to the radius of curvature of the grating and which touches its surface. The

spectra are then formed, without the need of collimator, observing telescope, or any further appa-

ratus, all lying upon the circumference of the circle which contains the slit. The grating which

was employed contains 18,050 lines, 142 to the millimeter (3,G10 per inch), ruled on the surface of a

concave mirror of speculum metal of 1™.63 (61 inches) radius of curvature, and exposes a ruled

surface of 129'"" (20 square inches). By this large surface a spectrum is produced sufficiently hot,

even in its lower wave-lengths, to affect the bolometer strips after the various reflections and

absorptions to which the heat is necessarily subjected in passing through the apparatus.

Figure 1 illustrates the means finally adopted and the course of the rays through the appa-

ratus; although, for the sake of distinctness, the mechanical devices used to maintain the proper

arrangements of the parts are omitted. The rays of light, coming from the 12-inch flat mirror of

the large siderostat, pass across the apparatus, and fall upon a 7-inch concave speculum at M, by

which at a distance of about 5 feet they are converged to a focus at Si. At this point is a ver-

tical slit, adjustable to any desired width by a double screw, which moves both jaws at once, so as

to keep the center always in the same place. This slit is protected from the great heat by a plate

of iron pierced with an aperture only a little larger than the slit when open to the usual width.

Beyond Si the rays diverge and fall upon the concave grating, G. Directly opposite the grating

is a second slit, S2, also double acting, and the apparatus is so arranged, that the two slits, Si, S,,

and the grating, G, always lie upon the circumference of a circle whose diameter is 64 inches; and

therefore in whatever manner the slits may be placed, the light coming through Si forms a sharp

spectrum upon S2. A very massive arm, carrying the grating, the slit S^, and the heavy spectro-

bolometer, is pivoted at the center of the circle, so that the relative positions of these parts are

unchanged. The slit S2 is automatically kept diametrically opposite the grating, and on the normal

to its center.

The slit S2 is the slit of the spectro-bolometer, provided with' the same attachments as when

used for mapping the visible spectrum (except that it is now fitted with simple collimating and

objective lenses of the same special kind of diathermanous glass as the prism, instead of its own
concave mirror). Its eye-piece and the bolometer are interchangeable.

By means of the eye-piece and graduated circle, the deviation, and consequently the refractive

index of the rays passing through the slit can be determined, if they are visible. If they are

invisible, their exact wave-length is known by a simple ocular observation of the visible ones, on



Fig. 1.

COURSE OF KAYS THROUGH APPARATUS IN THE DETERMINATION OF LENGTHS OF WAVES OF
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Fig. 2.

SPECTRUM FORMED BY PRISM IN DETERMINATION OF WAVE-LENGTHS
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wliicli they are sujierposed by tlie action of the grating, while tlieir suhseiiiient deviiition is deter-

niinable by the bolometer plaiieil at I>, provided they retain sutticieiit energy to ati'ect the instru-

luent. It will be seen that, according to this method, all those invisible rays, which are n times

the deflnitely known lengtli of some visible ray, are caused to pass togetlier tlirough a slit, and

tlien through a prism, which sorts out the ray of the first spectrum from that of the second; that

of the second from that of the third; and so on, so that the corresponding index of refraction

may be determined by observation; with the eye iu the case of the visible, with the bolometer in

that of the invisible ray.

To illustrate the use of the abov^e described apparatus under somewhat unfavorable circum-

stances, let us consider as an example the observations of June 13, 1882, which were taken far

down iu the spectrum, where the heat is feeble, and the galvanometer deflection small, requiring

a widely open slit. The apparatus iiaving been previously adjusted, and the sunlight ])roperly

directed by the siderostat, the visible Fraunhofer line Di, of the third spectrum of the grating,

was caused to fall upon the slit S^ of the spectro-bolometer. Then, according to the theory of the

grating, there passed, through this slit, rays having the wavelengths

—

0,«.589 (3d sjiectrum

—

visible.)

1//.17S (2d spectrum

—

invisible.)

1//.767 (1st spectrum

—

invisible.)

The prism having been removed, and the telescope brought into line, an image of Sa, of the

same size as the slit itself, was formed in the focus of the object lens, and on testing with the

bolometer, whose face was covered with a cardboard screen jtierced centrally with a 2""" slit, the

heat of this image produced a deflection of the galvanometer needle of about 30 divisions. The

prism was then replaced on the automatic holder and set to minimum deviation, and the image of

the slit, coutaining superposed rays whose combined effect had produced the deflection Just men-

tioned, was separated into three similar images* (fig. 2) each composed of nearly homogeneous

rays. Of these three bands, only the first or most refrangible, containing the Di line, was visible,

and its deviation was found to be 47° 41', agreeing with the value given by the table. It was the

object of the experiment to find the place of the lower invisible band, by groping for it ; i. e., to

determine its deviation by trials witli the bolometer at intervals surticiently close to avoid the

possibility of missing it altogether. According to Briot's formula, the deviation should be 4.5°

21', and iu the preliminary search the circle was accordingly set to this reading. Beginning at this

point, and exposing the bolometer at every five minutes of deviation, it was found that the max-

imum effect was obtained nearer 45° 15'. The apinoximatc position having tlius been found, the

slit Si was narrowed to 2""", and the following measurements taken, the horizontal line giving the

mean results of a series of thirty expo.^-ures of the bolometer, as it moved through the spectrum

Table J.

—

Ddermtnation of the refrnngibility of feiblc heat rays.

I'ri^iiatic deviation 45^^02' 4.'i° 07' 45" 10' 45° l.V 45° 20'

Means of galvauonieter readings 4.6 5.6 6.0 5.fi 3.7

The maximum reading at 4.5° 10' corresponds to a coincidence of the 2 ' bolometer aperture

with the 2""" invisible image of the slit, whose position is sought. From a subsidiary curve drawn

through the points whose co-ordinates are, respectively (x = 45° 02', y = 4.6),
(j;=45o 07', y—o.G),

* Thepe three images, lieiug coinpo.sed of rays of different wave-lengths, could not all he in the same focns of th<'

same l«-ns at the same time, since the collimator and objective of this spectrometer were simple lenses. The lenses

were adjusted by means of a table ot local distances previously prepared, so as to throw a sharp (invisible) image of

the hand to he detected.

S. Mis. 110 20
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(r = 450 10', ;)/ = 6.0), &c., it was concluded that the deviation of rays whose wave-leugth is 1.767

is 450 10' ; and each point in this detennination being obtained from the mean of five observations

the result is partly free from irregularities caused by changes in the state of the sky, and minute

instrumental variations from extraneous causes, which here become of great relative importance,

owing to the feeble heat measured.

Subsequent determinations, like the preceding, gave for the deviation of the same ray 45'^ 06'

and 450 07', and from a consideration of all, the deviation adopteil was (instead of 45° 21', as given

by Bbiot's formula) 45° 08', corresponding to a refractive index of 1.5.149.

By means of measurements like the one described above, the deviations of various obscure

rays of known wave-lengths were determined. The indices of refraction were then computed by

the usual formula

where

sin ^ a

a = 620 34' 43".

The results are contained in the following table, where, however, only the results of successful

days are given, most of the observations having been lost through changes of the sky during the

course of one determination.*

Table II.

—

Uxperimental determination of d or n as a function of \ [Hilger prism).

Date of observation.

April 1, 188-2

April 9

June 27
Juue 13-27 .

Jnly 14

June 7

In. 010 J- 0. 0053
1/i. 200 J- 0. 00(39

1//. (i58 -J- 0. 0091
\^i. 767 ± 0. 0094

-in. 090 ± 0. 0104

2//. 356 ± 0. 0110

d
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as the data. This I say with special rofereiice to the hirj;'i' orijiiiiai rhiiits* wliicli hii\e l>e('n drawn

by Mr. J. E. Keelkr, of this observatory, and which seem fo nie favorable specniiieiis of the

accuracy obtaiuable by this method.

We are now prepared to test the accuracy of the various furmuUc /oinicctiiig refraction with wave-

length, thougli it will be conveuieut to first prepare a table sliowinj; what this relation is in the

visible part of the s|)eetriiiii of the i)risin employed.

In the following- table the deviations in the visible speutriini were measured by tlie spectrom-

eter, reading to 1(1" of arc, which has been already described, in which for this special pur|)ose

tlie bolometer was replaced by an aclironiatic observing telescoi)e with a micrometer eye- piece, and

the indices of refraction were computed by the usual formula. () in the ultra-violet was measured

by the aid of a Souet tluoresceut eye-piece, and its wave-lengtli is from Cornu. The other wave-

lengths are taken from Angstrom, but the unit is here the micion = .()()l millimeter := (10,000

times the unit of Angstrom's scale). A is here the symbol for the wave-length.

The following indices in the visible spectrum, on wliich the computations for testing the for-

mulae are founded, are trustworthy to the fourth decimal |)lace here given.

Table III.

—

Observed indices in visible spectrum <>J Hilf/er prism.

Line A Ou. 76009
C On. 6o(il8

D,
I

0//.5e8U0

l>^ I 0//.51667

F
\

0//. 4>-606

H,
'

0//.3%79
O I

0/i. 34400

4{i^ 4ii' n.^i''

47^ l.V 4.'>"

47° 45' 15"

4ft°2r05"
4f.o 44' 15"

.'•iO° 34' 0.=i"

52° 43' 00"

1..5714

1..5757

1.5798
1. 5P62
1. 5899
1. fi070

1. 6266

A sinooth curve drawn through points whose positions are given by the above table, repre-

sents with accuracy the relation between n and /\ in the visible i)art of the spectrum. This method

is, however, obviously inapplicable to the very extended invisible portion below the A line, and

accordingly attemi)ts were first made to effect the determination of corresponding indices and

wave-lengths by extending the curve derived from the abo\e observations by means of formula;.

Several fonnuliB have, it will be remembered, been proposed by i)hysicists, expressing u as a func-

tion of A, and containing constants which are to be determined by observation, but it has never

hitherto been possible to test these formulae far from the visible spectrumr, whence their constants

have been in fact derived. This desirable test we are now- prepared to apply.

The simplest as well as the most widely used formula is that of Caticht, which, as it is com-

monly written.

(^n = a + l,+ l,j

contains three unknown quantities, requiring for their determination three simultaneous equations.

Selecting the lines A, D, and H for this purpose, we have from the table just given, the three

equations,

1.5714= a -f
(0.76009)^

"*"
(0.7000!))*

•These original charts were exhibited to the members of the National Academy of Sciences, at Washington, in

April, 1883. The engraving here given in illustration being on a mncli reduced scale, will merely indicate the exact-

ness of interpolation possible by the originals.
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^ K70Q ft _|_
^

|_
^

l.(i070= a + ^l^^^, + (0.39679)'

from wliicli by ('liiiiiiiation

« = 1.5593 6= 0.006775 c= 0.0001137

so that for this prism, the formula becomes,

, .^Ko, ,
0.006775 , 0.0001137

« = 1.1 5593 + -- ^^ + - ^^

which we find on trial satisfies the observations in the visible part of the spectrum within very

narrow limits. When, however, we attemjit to extend the application of the formula to the infra-

refl region, its results are not so satisfactory. Since h and c are both positive, the least value

which n can have in our ])rism, according to the formula, is r/, or 1.5593. corresponding to a devia-

tion of 45° 35', whereas the l)olonietric measurements show that in this prism the solar spectrum

after absorption extends as low as 44°, with every sign that if it do not extend yet further, it is

not on account of the i)risni, but because below this point the heat is absorbed by some ingredient

of our atmosphere.

We conclude, then, that Cauchy's formula gives grossly erroneous results when extended far

behind the limits within which the observations on which it is founded are made. Its implicit

assertion, that the lower limit of the prismatic spectrum (however groat the wave-length of the ray

transmitted) is not so far below A as A is below D, is absolutely contradicted by these experi-

ments, and all extrapolations made by it, far from the visible spectrum in which its constants have

been determined, are wholly untrustworthy, as will appear more fully later.

Redtenbacher proposes the formula

'TV' V'

for expressing the same relation. Using the same lines as before for determining the unknown

constants, we have for the Hilger prism

1 00,39220
., =0.412297-0.00093711^.2—^^^^J-

a formula which also satisfies the observations in the visible si)ectruin, but fails when extended to

the invisible. The curve representing it has a minimum point corresponding to h= 1.5647 for a

value of A found from the equation A^= ,or in the special case of the formula above, where is

positive, A = 1.430; so that for every value of n greater than 1.5647, there are two real values of A.

This formula therefore is even less satisfactory than that of Cauchv.

Briot gives a formula which has been asserted by other investigators* to represent satisfac-

torily the results of observation throughout the whole spectrum, namely:

i-+<9+'C9+K:;;)
From four equations like this, using values of n and A corresponding (o the Fraunhofer

lines A, C, F, and H, the values of the constants were determined t as follows:

a=0.41028 6=—0.0013495 c=—0.000003379 A-= +0.0022329

*MouTON, Comptes Rendus, vol. Ixxxix, p. 291, and vol. Ixxxiii, p. 1190.

\ This formula has the practical inconvenience of leading to cubic oi|uations, eitlici- in «- or PI-, the solution of

which is so tedious as to forbid its use where many places arc to be iiiilepeudently found. 1 have been aided in the

present lengthy numerical computations by Professor M. B. Gofp.
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With the aid of these constants, the wave-lengths corresponding to given refractive indices

were computed, and a curve representing the formula was ])h)tted. This curve, as well as those

representing Oauciiv's and Redtenbaciieu's formula', is shown in I'late XIX, where we may

obtain by simi)le inspection the actual errors of all the formulai in question, or we may take them

from the following table, whose results, I hope, will supply useful data for those who are interested

in theories of dispersion.

Table IV.

—

Approximate errors in u-avalemjths by Briot^s, Gauchy's and Redtenbacher's formula:

for cold bands in infrared.

[Comparison of theories witli observation.]

By obs.

l.f)714

1. 5687
1. 5678
1.5674
1..5668

1. 5636
1. 5616
1. 5604
1. 5576
1. 5572
1.5544

to

1. 5.535

1. 5520
1. 5515

Ob-
served

0. 760
0. 81.''>

0.850
0.890
0.910
0.940
1. 130
1.270
1.360
1.540
1.580
1.810
to

1.870
1.980
2.030

Wave-lengths derived by extra-pobition.

From
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cording to Briot's formula, corresponds nearly to 3//.4, bnt which accordiug to our boloineli ic

observations corresponds to an actual wavelength of 2//.8. For this same point, as will be seen

by Table 4, the values by Cauchy's formula are impossible, and those by Eedtenbacher's

equally' so.

We may add that Briot's formula gives a point of inflection near \=2>^.(). In other words,

the curve which up to near the limits of our chart (Plate XI) has beeu convex to the axis of x,

there becomes concave. These values for Briot's formula rest, it will be remembered, on extra-

polations founded on measures in the visible spectrum.

WAVE-LENGTUS OF COLD LINES IN INFRA-RED PRISMATIC SPECTRUM.

The following values (in Table 5) from Mouton, Abney, aud Draper are the only ones I

know previous to my own measures where the wave lengths of any cold lines are given with

approximate accuracy. Of these it is just to distinguish those by Abney as possessing a degree

of exactness before unknown. There ai'e some doubts about the band l''.3G to 1''..37 having really

been observed before, but I have included this among those whose existence was known or

suspected before my measures.

The values here given were obtained by me in 1882, aud first published in the Comptes

liendus of the Institute of France, for September 11, 1882, iu the form of charts, which were

drawn from them. (The original charts have been given here already on a reduced scale in Plate

XIX.) These charts were so much reduced by the first engraver that tliough these values are still

determinable from them, it may be convenient to repeat them here in their original tabular form,

with the addition of the probable errors.

Table V.—Observed values of cold bands in infrared by different investigators.

M. Mouton.*
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(0.91.) Iiicouspicuous; possibly ii part of Dkai'ER's fi (0.8!) and 0.01 from part of a group

called Tt by Auney).

(0.94 to ().9S.) Very heavy band ; marks the extreme limit of Draper's iuvestigatious, according

to his own statement; possibly identifiable with a gap in Lamansky's curve, and corresponding

to the group called "pfr" by Abney. (Allegheny ob.servations make it probably telluric.)

(1.13 to 1.18.) Still colder than preceding; possibly ideiitifiably with a gap on Lamansky's

curve, and with Abnky's " </^". (Allegheny observations make it probably of telluric origin.)

(1.27.) ln(;onsi)icu(>ns line.

(1.3G to 1.4G.) \'ery remarkable band. Almost absolutely cold and black. So broad and diffuse

that it is diflicult to mark its limits, but coldest part seems to have a wave-length of 1.36 to 1.37.

(Allegheny observations make it i)robably of telluric origin.) Possibly f of Abney's chart, and

identifiable with the last gap of Lamansky's curve. It seems to be the " ultima Thtde^' of previous

iuvestigatious.
newly-discovered lines and cold bands..

(1.52 and 1.59.) Inconspicuous lines.

(1.81 to 1.87.) Great Cold Band, first discovered on Mount Whitney. Probably of telluric

origiu. It is not the furthest line, but is here called H ou account of its being the last compicuous

break iu the energy curve.

"(1.98 and 2.04.) Small but definite lines. The last discovered by the bolometer. But the

observable solar spectrum certainly extends to a wave-length of over 2(^.70.

DISTRIBUTION OF ENERGY' IN THE NORMAL SPECTRUM.

The curve d = qA giveu iu Eig. 3 enables us to mark off a wave-length scale upon the map of

the prismatic s|)ectrum, without any extrapolation, between our present ])oints of observation, a

deviation of 50° 58' (corresponding to A =:0//.344), and a deviation of 44^ 25' (corresponding to

A = 2//.350), and also to construct a map in which -the wave-length scale is an ordinary scale of

equal parts, but iu which the degrees of deviation, if represented, would be uuequally spaced.

Such a chart of the nonnal .spectrum has, as we have already remarked, the advantage of being

entirely independent of any particular prism or grating, and consequently of being directly com-

parable with all other maps of the same kind.

If, besides making a map of the normal spectrum, we wish to construct a curve representing the

corresponding distribution of energy, a further consideration of the relations existing between the

two charts is necessary. The law of dispersion of the prism causes the distribution of energy in

its spectrum to be quite different from what would have been observed with a diffraction grating.*

Disregarding the absorbing' action of the apparatus, the amount of heat between two definite wave-

lengths, as between the A and B lines, should be the same iu both spectra, provided the total

(piantity of heat is the same iu both. The area between any two ordinates of the curve may be

considered to represent the amount of heat iu the part of the spectrum included between them, and

the total area of the curve represents the total amount of heat. If, then, we suppose the area of

the normal curve required, to be the same as that of the prismatic one, the condition to be ful.

tilled by the former curve is that the area included between the ordinates at any two wave-lengths

shall be equal to that included between the same wave-lengths in the latter, and from this condi-

tion we can deduce a rule for effecting the required transformation, t

Lay off upon a line, AB (Fig. 3), any couveuient distance, and divide it into equal spaces to

* J. W. Dkapeu, Phil. Mag., vol. xliv, p. 104, 1872.

t See J. Muller, Pogg. Aiin.aleu, vol. cv ; Luudqiiist, Pogg. Auiialeu, vol. civ, p. 140 ; Moutou, Comptes Keudus,

vol. Ixxxix, p. 206.
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represent the normal wave-length scale, and upon a line, CD, at right angles to the first, lay off

the same distance and divide it into the same number of parts, spaced according to the law of

dispersion of the prism, as iu the wave-length scale marked on the bottom of tlie prismatic chart,

Plate I. Erect ordinates at the points of division, and mark them with the i)roper wave-lengths,

beginning on both lines at the ends which lie nearest to each other, as in the figure, where five

ordinates are shown ; through the intersection of corresponding ordinates draw the curve EF and

upon CD draw the curve of distribution of energy in the piismatic spectrum.

Let a, Fig. 4, be a very small wave-length interval on the iirismatic scale; c, the same interval

on the normal scale, and 6 and d the average heights of the energy curves over the two intervals,

respectively ; the shaded part of the figure representing, therefore, the portion of the total area

included between these limits, e/" is a portion of the curve EF, Fig. 3. Then, according to the con-

dition of transformation,

cd= ab

whence
b: d:: c: a

From geometrical considerations,

c : a:: 1 : tan tp

where ip is the angle which the cord EF, joining the intersections of the two pairs of ordinates

makes with AB ; consequently

b: d:: 1 : tan cp

from' which
d= b tan (p

Now, when a and c are indefinitely small, b and d are the ordinates of the prismatic and

normal energy curves, respectively, at a given wave length, and q) is the angle formed by the

tangent to EF at their point of intersection. Hence, to find the height of the normal curve at a

given wave-length, the corresponding ordinate of the prismatic curve must be multiplied by tan cp.

Such a construction was applied to the prismatic energy curve of the Hilger prism.

The true normal energy curve with all its inflections, maxima and minima, is easily drawn

after this (dotted) bounding curve of normal energy is plotted, for the parts of the ordinate of the

latter below and above its intersection with the Ibrmer irregular curve bear the same proportion

to each other as in the prismatic spectrum, and we thus finally attain the object of tlie preceding

labor.

If, now, it is desirable to map the distribution of the energy on any other senile, such as that

on which the abscissfe are proportional to the times of vibration, this can be done with facility.

Thus, in the supposed instance, we have only to find corresponding to each wave-length in order

to get the abscissa:', and (observing that since a; now=-,^^ =— ) to use the multiplying factor

to obtain the length of the new abscissae from the old in each instance. If the length of the new

energy curves between the limiting perpendiculars (which now represent the reciprocals of the

wave-length), is to be the same as in the old, we nmst introduce a constant multii)lier, «, writing

the equation of the interpolating curve .v— j, so that the multiplying factor becomes —
^^.

Thus if the limiting ordinates of the wave-length energy curve are /!„, ^,,, and we are to have the

condition f — A h = A,,— A,„ n = A„ x Aj, &c.

If the mean ordinate of any small area of the normal energy curve between any given limits,

A„, A„ is denoted by 2/,, and that of the corresponding area of the new curve by y, since the areas
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Fig. 4.

ILLUSTRATING PRINCIPLK OF TRANSFORMATION FROM THE PRISMATIC TO THE NORMAL SPECTRUM.
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are to be the same, we Lave ?i | ,
— | y = (A„ — A,) y^, whence y = —"-— x Vu which at

\A„ A,,/ n

tlie limit becomes y = i/i. lleuce to obtain the new ordinates the old ones must be multiplied

by the reciprocals of the factors for abscissie, or by .

The curve EF, Fig. 3, if represented by a formula, would give rise to an expression of the form

<7=((^)A, the abscissa' measured along AB being pro])ortional to the wave-lengths, and the ordi-

nates parallel to CD to the deviations. Since tan »=''=',?',, the factors for multinlvin"'
dX (tX.dn ' • *'

the prismatic ordiuates may be computed, provided the curve EF can be exactly expressed

by a formula, and for the preliminary reduction this was done, the values of being cominited

from Brtot's formula, and -- from the relation m=^'" .-
("+ "). When, however, it was showu by

the measurements of obscure rays that Briot's formula, obtained by observations in the visible

spectrum, does not exactly express the law of dispersion, the table of factors thus prepared was of

course abandoned, and the graphical method described above was substituted.

I have drawu in this way (on a smaller scale than that of the normal or i)rismatic curves and

following the smooth curve in the former as my original) four different schemes for the distribution

of the energy. Curve B, Plate XXI, represents the distribution of solar energy after absorption by

our atmosphere on the scale of wave-frequency (general equation of interpolating curve a;=- pro-
A

posed by Mr. Stoney). Curve C, Plate XXI, represents the distribution according to a proposal

(.r=log A) of Lord Rayleigh.

Curve D {y=G) Plate XXI, is quite difierent from any of the preceding. It gives the distribu-

tion on a scale I have never seen proposed, but which I have found useful. In this the bounding

curve is a straight line parallel to the axis of X. This construction is not well suited to exhibit the

cold bands, but if we consider only the general distribution of the energy, we shall find that curve

D is not merely suggestive as illustrating what has already been remarked here as to the conven-

tional character of the methods of showing this distribution, but that it has more practical uses

for in this last construction it is easily seen that the sums of the energies between any two wave
lengths whatever are directly proportional to the distance between their ordinates, measured on

the axis of X. If, then, we desire (for instance) to know what relation the invisible bears to the

visible heat, or to inquire about what point in the spectrum the energy is equally distributed these

and similar problems are solved through curve D by sim^jle inspection.

I have not been able yet to repeat the preceding determinations upon the lower part of the

spectrum as often as I could wish. They are susceptible of improved accuracy by still longer

experiment, but I think that within the limits of error indicated they may already be useful. I

should add t^at throughout this investigation I have received constant and valuable aid from Mr.

J. E. Keelee, not only in the graphical constructions, but in the experiments and in the compu-
tations, through all the details of which his aid has been more that of a coadjutor than an assistant.

Allegheny Observatory, Allegheny, Pa., October, 1883.

Note.—Since the above was in type I have seen the interesting article by M. H. Becqueeel
in the Annales de Chimie for September, 1883.

S. Mis. 110 21
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The wavelengths assigned by M. Becquerel to the baud at the limit of his researches, at

1460 to 1480, appear to me too great, for this limit corresponds to the band whose wavelength is

given at l,a.3C to 1/^.37 on my chart published in the Comptes Rendus of the previous year (Sep-

tember 11, 1882), and on a larger scale in the American Journal of Science for March, 1883, and

in the Annales de Chimie for August of this year. I regret that M. Beoqtjerel has not read the

article in the Comptes Rendus. Had he done so he would have seen that the wave lengths there

given were not conjectural, but directly determined by the only practical method—from the use of

a grating. They were the result, in fact, of the measurements I have just described, and were

specially intended to give information about the unknown region extending beyond the limit of

M. Becquerel's researches, such as the great newly discovered band 12, for instance, which

stretches from wave-lengths 1/^.80 to 1//.90, while M. Becquerel's furthest baud, as I have said,

is at l/a.48, according to him, but really nearly at 1/^.38. The present memoir will show what degree

of reliance may be placed on these measurements.

It is understood that a photographic map of the spectrum to 1,^.6, and therefore covering the

ground of M. Becquerel's paper, but not extending as tar as my il, will shortly be published

from the joint labors of Professor Rowland and Captain Abney, and as their results will prob-

ably be accepted on all hands as more exact than the preliminary explorations in which M. Bec-

querel and myself have been engaged, we may await its appearance for the determination of a

part at least of the points in question.

I would call attention to the fact that M. Becquerel has stated that the furthest band

known to him in September, 1883 (except from my owu researches), had a wave-length of not over

1/2.50, according to his own estimate.
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ON THE SUBSIDENCE OF PARTICLES IN LIQUIDS.

HEAD AT XEW UAVEX MEETIXG, NOYEMBER 15, 18S3,

While connected with the State Geological Survey of California, lS60-'64, uiy attention was

turned to the relations of saline and alkaline waters to the precipitation of suspended matter.

There were abundant means of observation in the field, but no laboratory experiments were made.

Soon after the republication by the Eay Society, in 18G6, of Robert Brown's observations on the

movements of minute solid particles in liquids, I began a series of experiments on these " Brown-

ian movements" in their relations to sedimentation, but unfortunately I have now no systematic

record of the experiments made previous to February, 1875, since which time the experiments have

been much extended and systematic records have been kept of many of them. In 1877 I pub-

lished some of the observations in their relations to agriculture [Wth Ann. Kep. Com. State Board

of Ayr., p. 73-83), and in 1880 further observations in their sanitary relations—on the action of

muddy water on sewage

—

Public Health Papers and Reports, vi, 334), and in 1881, in a lecture (not

published further than in ordinary newspaper reports), I further discussed the matter in connection

with the problem of the jetties at the mouth of the Mississippi River.

Since 1877 the experiments have been much expanded and have gone on along several lines of

investigation. They extend to a considerable number of clays, soils and other suspended matter,

and the records and notes have now become somewhat voUiminoas. Inasmuch as prolonged time is

an element in some of the experiments, and as this meeting enables me to exhibit some of the speci-

mens to the academy, I take the occasion to report on some of the observations made and inferences

deduced from these long-continued observations and still unfinished experiments.

It is a matter of common observation that fine clays and muds may remain long suspended

in fresh water, but it is commonly believed that if the water be left at rest complete sedimentation

takes place within a few weeks or months at most, leaving the water clear; that salts of many

kinds hasten the settling, and that also acids hasten it. Some writers have stated that dilute

alkalies retard it and may prolong it even indefinitely, and numerous observers have noticed that

during the subsidence of clays in perfectly still fresh water they are often disposed iu layers or

strata of different degrees of density, giving to the liquid different degrees of opacity.

In this paper I do not purpose to review the history of our knowledge of this subject, nor to

discuss the published observations or experiments of others ; that is left for a future paper. It will

better serve my present purpose to discuss my own experiments (with tlie exhibition of a few ot

my specimens), with only so much allusion to the labors of others who have wrought iu the same

field as is necessary for an understanding of my own work.

If clays containing some fine sand, as most clays do, are thoroughly mixed with pure fi-esh

water and then allowed to stand iu perfect quiet iu a suitable vessel, a portion, including all the

coarser particles, soon falls to the bottom, but a considerable portion remains longer suspended.

The water may become nearly clear in a day or two, or finer material suflQcient to render the

liquid opaque in vessels three or more iuches in diameter may remain suspended for weeks.

In these latter cases the liquid usually becomes disposed in strata ; that is, the suspended mat-

ter will not fade gradually in density from the bottom upwards through regularly diminishing

165
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opacity to the top, but will rather be disposed in successive layers, the limits of each more or less

well defined.

Different specimens of clays and soils behave quite unlike in this respect, so far as the details

go. A few do not show these strata at all, the suspended matter fiidiug gradually and regularly

in density, and such clays usually settle comparatively rapidly. Others show the character but

feebly; there may be but two such layers, or, if more, the limits of each may be very illy deflued.

Some show as many as six or eight, or even more, in which cases they are of unequal thickness,

and sometimes the limits of each are surprisingly distinct.

If left perfectly quiet, the heavier go down first, and at last all are down but one, and the

liquid is then uniformly opalescent from bottom to top. This may be after a week or two or it

may be only after many months. With fui-ther quiet this opalescense gradually fades evenly

from top to bottom, the rapidity of this clearing of the liquid being modified by several external

conditions.

The fading of this opalescense by subsidence goes on slower in the light than in the dark, but

how nearly this is related to changes of temperature I have not been able to determine, as any

Ijlace at my command from which light is excluded is subject to less fluctuation of temperature

than where it is abundant. The nearest approach to similar conditions other than light has been

in an instrument closet in my lecture-room, built against a firm interior brick wall, the upper

part of the case being closed by glass and the lower part by wooden doors. When similar specimens

have been exposed in these two cases at the same time, the fading of the opalescense by subsid-

ence has been more rapid in the dark case than in the adjacent light one.

If the experiment goes on in a place of perfect quiet and in the dark, and where the daily

changes of temperature are slight and very gradual, then the opalescense gradually fades with

time; but how long before it will entirely fade away and the liquid become clear by the subsidence

of the particles (if indeed it ever will) I cannot say, but certainly not in six years, some of my

samples having now stood longer than that time.

If, however, the experiment is conducted in an ordinary lighted room, with the fluctuations

of temperature incident to habitation or use, then after a time the opalescense ceases to fade ; it

may remain stationary as to intensity, or it may increase and diminish with the seasons and other

fluctuating conditions. How much such fluctuation in opalescense is owing to convection cur-

rents produced by the fluctuations of temperature, and how much to other causes, I have found no

means to determine.

The color of this ultimate uniform opalescense is usually milky, but with some ferruginous

clays it is red, brown, or of different shades of amber; with certain other clays it has various

shades of pale green and yellowish green. This is strikingly the case with certain clays from the

bad lands of Wyoming, the shades of color of which remind one of the tints of some of the Swiss

lakes as seen from the alpine heights above them, which tints and colors I suspect may be due to

a similar cause.

Temperatures above that found naturally in the free air and also below the freezing point

are each accompanied with their special phenomena.

The boiling of clays in a great excess of water tends to reduce them to the finest division,

and this is the method employed by Professor Hilgard in his elaboi-ate and most instructive in-

vestigations on the physical conditions and composition of soils. Some clays go to pieces easily

on boiling, while others, according to this authority, hav^e to be boiled for many hours, it may be

for days (and with precautions to prevent flocculation), before the process is complete. I find
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that many, if not most, clays behave very difierently in hot water from what they do in cold,

and dlflerent clays differ in behavior in hot water.

Some clays which go to pieces easily in cold water, and which settle slowly if the water re-

mains cold, settle rapidly if the water be raised to near the boiling-point. Some such clays which

have been experimented upon, which will remain suspended in large quantity for many days if

kept cold or at ordinary temperatures, if the water be gradually heated, when a certain tempera-

ture is reached the clay suddenly flocculates or curdles, and settles in a very bulky, mobile mass

long before the water begins to boil, and during the boiling there is this constant tendency to floc-

culate, the suspended matter behaving much as it does in the presence of certain chemicals, to be

noted later. If the heat be removed and the liquid allowed to cool slowly, the phenomena are re-

versed. While hot, much of the sHsi)ended matter curdles and falls in a very bulky, mobile mass,

which if shaken soon falls back again until the water reaches a certain reduction of temperature,

when, if the material be shaken, it will require several days for any part to become so nearly clear

as the upper part would be in a few minutes if hot. I think it probable that some of the colors

described in the hot springs of the Yellowstone region may be related to the behavior of clays in

hot water.

Again, freezing affects the suspension. If water holding suspended particles be frozen solid

and then be thawed again, it is rendered much clearer by the operation. The mud becomes largely

disposed along certain lines of crystallization in the ice, and if this be slowly thawed in the quiet,

it falls and does not rise again. In one set of my experiments the water in which a red ferrug-

inous clay was suspended froze partially solid, a portion of the liquid being entirely surrounded by

ice. In the liquid the suspended matter was ultramicroscopic, but in the ice the red material was

concentrated in visible particles along certain lines, curiously disposed relative to the crystal-

lization and to the inclosed air-bubbles. Stereoscopic photographs show the arrangement in the

mass, but drawings are very unsatisfactory.

In one such case, when the liquid, much cleared by the freezing, was placed near a window

where the sun struck it a little while each day, it soon became turbid again, possibly by convection

currents caused by the sun's heat; but similar specimens melted in the dark and kept in the dark

remained as clear as the freezing had made them. Changes in ink by freezing are familiar to all,

and probably due to the same cause.

Some clays, if thoroughly dried, and then moistened again, and then frozen and thawed in a

wet state, behave very differently in water before and after such freezing.

The fallen sediment from different clays varies greatly in hardness and tenacity, the difier-

ences not following the relative proportions of sand in the original material under experiment.

With some samples, even of very fine clay, the suspended portion may be very large and the

dense turbidity remain a long time, and yet the sediment which does fall be very firm in a day or

two, while others may fall speedily into a bulky mass as mobile as the water itself, which shrinks

and is compacted very slowly indeed in the water. Some sediments, when they have stood a few

days or weeks in the liquid from which they have subsided, are so firm that it requires much and

long agitation to again diffuse them through the water; others, after several years' standing, may

be entirely diffused by a few seconds' agitation.

It is obvious that each and all of these various facts have their geological significance, and

phenomena immediately suggest themselves where they certainly or possibly play a part.

Thus far I have only described the behavior of clays and suspended matter to fresh water,

and in many of my experiments distilled water has been used.



168 MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES.

In solutions of various kinds, the pbeuomena are very different, and experiments have been

conducted witli various acids, alkalies, salts, extracts, and neutral organic substances.

Some of the more general facts are well known and widely applied. The use of certain salts

to clear turbid waters, and of organic substances to correct unwholesome waters, are of wide appli-

cation, and have been known from antiquity. (See Exodus, xv, 23.) Alum is used in many coun-

tries where the drinking water is turbid. I have often heard of its use in the Mississijipi Basin;

also in South America and Euroi)e; and Mi-. Arnold Hague tells me that he found it in universal

use in the Loess country of Northern China, where it has been used for this purpose for ages.

The rapidity of sedimentation in the presence of certain salts and acids, as contrasted with the

behavior of the same material in fresh water, is indeed striking. I exhibit one specimen to the

academy especially notable in this character, and which has been used to illustrate the general fact

to my classes. The original is a very hard, greenish, eocene clay, from the Niobrara region, which

when ground ui) in pure water settles very slowly. For class-room illustration a quantity which has

stood some days, for the coarser ])arts to settle, is decanted and divided into two equal jiortions at

the beginning of the lecture. To one a solution of common salt is added, to the other an equal

volume of distilled water, that the opacity of the two be equal at the start. Before the close of

the lecture the upper part of the one will be cleai-, or nearly so, the other apparently unchanged.

The specimen I exhibit to the academy was thus used; it is the portion iu pure water, and after

over thirty months of standing at rest is not yet so clear as its companion portion in salt water

became (during the lecture) in less than thirty minutes.

When a solution of common salt (or of sea-water) is added to muddy water, the suspended

clay curdles or flocculates and immediately begins to fall, and in a comparatively short time the

liquid becomes clear. If the clear part be decanted, an equal volume of distilled water be added,

the sediment again diffused thi'ough the liquid by agitation, and the process be repeated, the

saltness of the solution being reduced at each dilution, the behavior of the same identical clay in

the same quantities of solution of different degrees of strength may be observed, if time enough

be given to the observations. We may say, iu a general way, that the stronger the solution the

quicker the precipitation; but the raj)idity is not directly as the quantity of salt dissolved.

Eeducing the saltness one-half does not necessarily double the time required for the solids to

settle. W^ith some clays the precipitation in a solution as strong as sea-water, or even half as

strong, is as much in thirty minutes as in as many days, or even months, if the water be i)ure;

and if the amount of salt be increased, the rapidity of sedimentation is not correspondingly

increased. On dilution by decantation as described, the i>recipitation becomes slower and slower.

When the liquid contains but one-tenth or one-twentieth the amount of salt found in sea-water,

the precipitation becomes very slow, but in a few weeks or months the liquid becomes as clear and

pellucid as the clearest natural waters. As the dilution goes on and the water contains less and

less salt, its capacity becomes greater for holding the clay iu suspension, both as to the quantity

that may be suspended and the length of time it will hold it. The identical mud previously thrown

down rapidly in salt or brackish water, when the water becomes fresh is again picked up, on

agitation, and is again held in suspension. This may be repeated indefinitely. Each time salt is

added the settUng is hastened, and with each freshening the mud is again suspended longer.

I have tested this with numerous muddy waters produced artificiallj', and also on the actual

river water taken from the Mississippi River below New Orleans, and from the Missouri River,

2,800 miles above, and on other natural mnddy waters. Different specimens behave somewhat

differently as to degree and in details, but the essential facts are the same for all the samples I
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Iiave experinieuted ii\Hm. I believe that the phenomena have an importance not heretofore given

to them either by geologists, physical geographers, or engineers.

The formation of bars at the mouths and in the channels of rivers, and the distribution of

silt on the floor of the ocean and of lakes, have usually been discussed and considered from the

hy<lraulic side only, the direction and velocity of the cuirent have been considered iis the only

factors of any considerable importance, but 1 believe that the clicmical composition of the water

plays an essential and controlling part in the effects jiroduced.

The phenomena attending the formation of bars at the months of rivers which empty into

fresh-water lakes, and the depositions which take place in the channels of rivers where the water

remains fresh all the year through, are very unlike those attending the formation of bars in salt

water at the mouths of muddy rivers, or the silting of the channel just within the mouths of such

rivers, where the water becomes brackish before reaching the sea.

In fresh-water rivers and at their mouths in fresh-water lakes, the more obvious changes in the

bars take place only at the time of floods, and the movement and dejjosition of the material are in

strict accordance with hydraulic laws. The "hydiaulic value" of particles of known size and

specific gravity has been experimentally determined with great care and accuiacy. The deposi-

tion of the finer material takes place in the still waters, and at low water aiid is comparatively

slight in quantity in any one year.

But when a muddy river enters salt water, chemical laws inteifere with the purely mechanical

ones, another set of phenomena are introduced, and the growth of the bar is different. Then the

rate of deposition is affected by the salt more than by the current, and velocities which would

be much more than sufficient to carry the finer suspended matter indefinitely if the water were

fresh, entirely fail where the water is brackish or salt. Practically it is the degree of saltness

which controls the deposition.

In the phenomena exhibited at the mouth of the Mississippi River we see these principles

manifested on a stui)endous scale.

At time of flood, when the whole water is fresh to the bottom of the river and to its very

mouth, then no considerable deposition occurs in the channel within the mouth ; the mud is carried

outside and largely deposited on the outer slope of the bar, notwithstanding the agitation by the

waves at that point. At the same time the channel within the mouth is scoured out and the

inside of the bar is more or less abraded, or, as various engineers have expressed it, the bar is

"pushed out into the Gulf" by each high water.

At low water the salt water from the Gulf runs back into the river, first as a stratum on the

bottom, with a layer of the lighter fresh and muddy water over it ; then later the river becomes

brackish to its surface, this condition extending to the head of the passes, or further, according

to the season and the amount of water. Then a large deposition always takes place on the inner

slojje of the bar, and in the channel within the mouth, and up to the head of the passes. I was

told on the;, spot that this takes place every year, and that since the jetties have been built, the

required depth for navigation is only then maintained between the jetties by some dredging. As
the channel is closely watched and soundings made every week from the head of the passes to the

Gulf, the phenomena are easily studied. And let it be borne in mind that the time when this

deposit takes place within the mouth is when the proportion of mud to water is at the least, and

is very much less than at high water.

When the floods of the next year come, and the waters again freshen to the bottom of the

river, this deposit is picked up again by this fresh water and is carried out to the salt water, as

already described. It is precisely analogous to the iiickiug up of the material iu the experimental
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dasks by successive freshenings. This picking up froiii withiu the river aud the iuner slope of the

bar is by water already mucli heavier loaded with clay thau was that from which the low-water

deposition took place. Abrasion withiu the channel olteu takes place rapidly where some change

of current occurs, aud deep places are locally excavated to such depths that the jetties have to be

protected from undermining by temporary or permanent wing-dams. The high water of the year

of my visit had excavated one place to the depth of 120 feet wheie the water had been very shoal

before the building of the jetties. A short wing-dam at the time of my visit was directing the

low-water deposit into this hole, and its depth had already been reduced 40 feet.

Some of the specimens exhibited to the Academj- are of mud dredged from the inner slope of

the bar just within the jetties, when the turbid fresh water formed a layer 14 feet deep over the

clearer salt water then on the bottom of the river chauuel. The material is a very unctions,

tenacious clay, which becomes very tough on drying. It is as smooth as soap in the hands, but

gritty with \ ery line sand between the teeth. The microscope shows the sand to be \ery minute aud

the finer grains very active with "Brownian movements." When agitated in fresh water a large

quantity of this mud is suspended, and the liquid remains opaquely muddy for a comparatively

long time, but it tlocculates and settles quickly when mixed with sea-water. 1 have made many

experiments with the several muds obtained at and near the jetties, aud with river water obtained

above the passes, where the water was entirely fresh, and all show essentially the same phenomena

when in waters of the same freshness.

My belief is that the deposition in the channel within the mouth at low water is directly aud

chiefly due to chemical causes; that the scouring out at time of high water is also due to chemical

causes, the velocity of the current being secondary ; that a given volume of salt water, having a

given velocity, will not suspend and transport an amount of clay which the same volume of fresh

water, having the same velocity, would suspeud aud transport indefiiutely ; that fresh water with

a given velocity will pick up from the bottom and scour out deposits which salt water of the same

velocity will not, uotwithstanding its greater specific gravity.

This is not only in accordance with my experiments, but it seems to me to be abundantly illus-

trated in the delta phenomena of the Mississippi. The local abrasions between the jetties at floods

show what has occurred at successive steps all the way to the head of the delta. When the Gulf

extended much farther inland, then the water was shallow both inside aud outside the mouth, as

it is uow, but as the delta grew aud the bar was "pushed out iuto the Gulf" by successive floods,

the deep liver chaunel followed it up from behind, the mud being picked uj) and carried out as the

water freshened, just as it now is done between the jetties. From above New Orleans to near the

head of the passes, so far as the water continues fresh at all times of the year, the channel is deep,

usually more thau 70 and often 100 or 120 feet deep; but; all this distance the water must have been

shallow when the mouth of the river was at the successive points. The shoaling of the river

from where the water becomes salt, the upward slope from the head of the passes to the crest of the

l)ar, up which slope the river must ruu at flood aud down which the heavier salt water runs when

not crowded out by floods, the deposition on the outer slope of the bar at high water and on the

iuner slo])e at low water, the deposit within the mouths when enough salt water gains adniissiou

there, and the scouring out of this again as the river freshens are all in strict accordance with

this theory. My experiments explain i)henomena the causes of which have heretofore been so

much in disi)ute between the engineers who have discussed the improvement of the mouth for

navigation.

Some of these pheuomeua were observed iu connection with this very question so long ago as

1838 by W. H. Sidell, who experimented upon the action of acids, various salts, sea-water, &c.,
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iiiyl coiuiliidBil "thiit the earthy miitter is deposited more suddenly than would be the case if it

depended on the check of velocity alone" (Eqmrt on the ITydrnnlic.s and Phyaics of the Mis.sitDiippi,

Appendix, p. 5(K)). It is very remarkable that these exi)erinH'nts and observations attracted no

more attention during the later discussions of the problem.

The same principles explain the distribution on the floor, of the ocean of the liner materials

brouglit from the land. Notwithstanding the depth and extent of the oceanic currents, all the

solids materials brought to the sea are deposited near the land. All the recent observations show that

but little is carried far from shore; the profound depths of mid-ocean contain but little or none of

it, and we are all familiar with the clearness and intense blue of tlie waters therf.

My exp(>rinients have extended to a considerable variety of salts, but more especially to the

chlorides, sulphates, and nitrates, to mixtures of these, and to organic substances, both colloids

and crystalloids, to carbhydrates and albuminoids, extracts of woods, herbs, and of peat, and
in a huge number of these, clearing was more rapid than in pure water. The effect of certain

neutral colloid organic substances, like the gums, is to favor suspension, as is well known.

The action of some of the salts is obviously aided iu certain cases by the formation of i>er-

inanent chemical compounds. This is notably the case in the reaction of alum in certain-solutions

containing chlorid of calcium.

The sparkling clearness of the natural waters of limestone regions is doubtless correlated

with the .solution of carbonate of lime, and the clearness of certain saline and alkaline waters has

often been remarked. So-called " alkaline" waters in the Far West are often discolored, particulai ly

with organic matter, but I have never seen them turbid with clay. *

Any considerable quantity of suspended carbonate of lime in water also affects the deposition

of the clayey sediment, and calcareous delta deposits have special characters of their own. From
what I can learn, some of the phenomena of the Nile delta, the material of which is described as a

calcareous clay, are quite unlike those observed at the Mississippi delta, but my iuforniation is too

meager to venture more than mere mention here.

The effect of sewage has also attracted attention. It has been claimed by a French writer

that some river waters have been made clearer and better adapted to certain manufacturing uses

by a slight sewage contamination. Numerous sanitary investigations have shown that waters

contaminated by sewage to a very dangerous degree are often of exceptional pellucidity and spark-

ling clearness. In experiments on a clayey garden soil from the Connecticut Valley, which

agitated with pure water retains the suspended matter with great tenacity, I found that minute

quantities of sewage soon rendered it as clear as the very clearest natural waters, while the pcn-tion

in pure water has a visible opalescence after six years' standing, the last three of which have been

in a dark, quiet closet. "The Broad street pump," famous iu sanitary literature, had great local

popularity because of the sparkling clearness of its waters. Well-to do people living miles away

sent their servants with jugs for it, as a choice drinking water, because of this clearness, until it

was closed l^y the authorities, after its sewage-contaminated waters had spread cholera into a

multitude of homes, several hundred dying iu a single mouth.

1 think that where clay is precipitated by salts in the presence of organic matter which is

partly in solution and partly in suspension (as sewage), the clay carries down with it much of the

organic matter, probably in a sort of chemical combination similar to the "lake" formed by salts of

alumina with dye-stuffs in dj'eing.

* Since the reading of this paper it has been reported to me from several sources that even horses and mules in

coHutrios witli alk.aline waters soon le.irn that niiiddied waters are not alkaline, and choose niiiddv water for drinkiii"
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The water stored iu reservoirs lor the supply of cities sometimes in summer becomes

offensive to the taste and smell, the cause being usually referred to the solution and decay of

organic matter in the source of supply, or the growth and decay of low organisms in the

reservoirs and distributing pipes. In New Haven, where I have carefully watched the phenomena

in connection with the tenii)erature and clearness of the water, on several occasions when such

smell and taste was occurring heavy .summer storms have roiled the waters, and each time this

has taken i>la(:e the special smell and taste have disappeared with the advent and precipitation of

the suspended mud.

Water containing a very small proportion of organic albuminoid will putrefy and stink, and if

this be mixed with sea-water or brackish water it becomes much more offensive to the smell than

in fresh water, and there is an evolution of sulphureted hydrogen along with that of the putrid

organic gases. I have experimented with dilute solutions of the albuminoids dissolved from marsh

vegetation and from wood. If such dilute solution be mixed during the putrefactive stage with

roiled water, a new set of phenomena occurs, and a considerable of the organic matter goes down

with the clay as it subsides. I have not followed this up with satisfactory examinations of the

precipitate, but some of the samples have strongly the odor of the offensive "blue mud" in the

shallow harbors of our seaport towns. The sanitary bearings of this I alluded to in a paper a few

years ago, but the facts have doubtless also their geological signiticance, and probably have some-

thing to do with the "mud-lump" phenomena at the mouth of the Mississippi. The occurrence of

these " mud lumps "only in shoal salt or brackish water, and never in the fresh water swamps, and

the evolution of organic gases and of sulphureted hydrogen, are at least suggestive, and other phe-

nomena relating to them are in accordance with some of the observations made in the experiments

on the mutual reactions of decaying organic matter, brackish water, and" suspended clay.

The effect of the common mineral acids on suspended clays is even more rapid than that of

the salts. Some turbid waters are cleared more in five or ten minutes by the addition of sul-

phuric, nitric, or chlorohydric acids, or, better, mixtures of these, than in as many weeks or even

months in pure water.

A considerable number of experiments have been made with acid similar to those described

with salt by beginning with a stronger solution and reducing its strength when the material had

settled, by decanting the clear portions, and adding an equal volume of distilled water. I may

say here that the most of these experiments have been conducted iu precipitating flasks made for

the purpose, of hard glass, about a foot high, three inches in diameter at the base and one at the

top. In some cases the whole of a portion of clay was treated; in others, after a watery suspension

had stood several days, and when all the coarser particles had subsided, the upper part would be

decanted, thoroughly mixed to insure uniformity, then divided into several portions for treatment

in different ways for comi)arison with each other.

With those treatei with acids the usual course has been to begin with clay in an acid or

mixture of acids of known strength, amounting to 20 to 60 per cent, of the whole volume of the

tluid under experiment, allowing it to settle, decant a given amount of the clear portion, and add

the same amount of distilled water, the strength of the acid in the successive dilutions being-

calculated and the successive dilutions recorded.

With the mineral acids it has been tne rule that at first the flocculation and precipitation are

very rapid, the rapidity but slightly diminishing with great reductions of strength until the propor-

tion of acid became very small; then there would be a marked increase in time needed, then finally

and suddeidy the subsiding would be as slow or slower than in pure water. One of the specimens

exhibited to the Academy is of a fine clay from Hartford, Conn. I began with 60 per cent, nitro-
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inuriiitic acid for, twelve sucwessive dilutious and until the proportion of acid was by calculation

almost infinitesimal (one part in several thousand of the liquid) one or two days was amply suffi-

cient for clearing; the thirteenth cleared in nine days; the fourteenth in fourteen weeks; the fif-

teenth, after standing two and a half years, is still very obviously opalescent.

Two others are exhibited in which the behavior was similar, oidy the degree of dilution was

not so great. One lias stood thirty and the other thirty-two niontlis, and the opalescence in each

case is more marked than with companion portions which were begun in pure water only. In

each case the precipitation was comijaratively rapid until the proportion of acid amounted to less

than one i)art in a thousand of the liquid, and in some the final long-continued susi)ension was

only reached when the amount was very much less.

lu some of the samples iridescent films or spicules have formed in the liquid, very like silica

separated from solutions of dissolved glass; but the glass of the flasks used purported to be hard

cheniical glass, and I cannot test the samples without ajiitating tliem and thus bringing the exi)er-

imeuts to a close. Similar glasses similarly treated have not become decomposed, and at present

I think that the iridescent material is silica derived, not from the decomposition of the glass, but

rather from a portion of the clay which may have undergone similar decomposition.

In the courseof the experiments with acid solutions, as they reached a suflicientdegiee of dilu-

tion of acid and purity of water, there were the same picking up and suspension of material that

was observed in the experiments with salt.

Caustic alkalies, i)otash, soda, and ammonia have also been used. Some authorities have

stated that while acids and salts hasten sedimentation, alkalies check it and may even susjiend it

indefinitely. My experiments do not confirm this, but show rather the contrary efiect. For

example, the same Hartford clay which was used in experiments with salts and acids was used

also with alkalies. A single illustration will suffice. Beginning with a solution containing one-

half of 1 per cent, of pure caustic potash, the sedimentation was very much more rapid than in a

similar portion in pure water, but not so rapid as samples with acids or salts. Operating on weaker

and weaker solutions by successive decantations as before described, it would become nearly clear

in twelve hours, when the proportion of potash in the solution was only .0008. When it was

reduced to .0002 the behavior was -then much as in ])ure water, and the sample is not yet entirely

clear, after more than two years' standing.

So far as my experiments go, tine clays are precipitated from alkaline solutions more quickly

and more completely than from pure water, no matter how dilute the solution.

When very fine soils, rich in organic matter (as, for example, some of the rich prairie bottom

lands of Illinois), are agitated with water, there is much tendency, if the vessels are ke])t in the

light, for a growth of confervoid algic year after year, the decaying remains of which, difiused

through the water, go down mostly with the clay, if agitated; but the solutions never become clear

of the very light flocculent organic matter from the decaying alga', now rising and now falling

with changes of temperature and other conditions. Fresh agitation and settling may render it

nearly clear for a time, but a new crop will spring up, its decayed remains to behave in the same

way.

In experiments with neutral organic substances—crystalloids, like cane-sugar, and colloids,

like extract of peat—there has been no law deduced; some hasten precipitation, others retard it.

still others seem indifferent. I have experimented on the sugars along with yeast to observe the

relations to fermentation, but this opens up a new set of reactions which I will not discuss here,

the phenomena varying with the intensity of the action.
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Early in the iuvestigation I was led to believe that the behavior of the suspended i»artieles of

solids was diffi'rent in the presence of crystalloid substances, as a chiss, from that in the presence

of colloids, Init at the present state of the investigation this is not proven.

The statements of some investigators lead to the inference that the rapidity of sedimentation

is correlated with the activity of the "Brownian movements," and I have .studied this part of the

subject with es|)ecial interest.

The rapidity of the subsidence of the particles visible witli the microscope appears to be related

to this, and those substances which retard the '-Brownian inovcnients" hastens the precipitation.

This applies to the tine grains of sand, tiocculent clays, and such inert substances as pulverized

charcoal. But I do not believe that the " Brownian movements" are continuously active in a liquid

otherwise at rest, kept in a dark, (piiet place, and where the changes of temperature are slight

and take place very slowly. The conditions where these movements can be observed are neces-

.sarily those where various forms of radiant energy are manifest, and these are the probable

active cause of the movements. It seems to me that where suspended clays are kept in the dark,

and where there is little variation in temperature, we can hardly look to the energy of the

"Brownian movements" as the active cause of the resistance to gravity and suspension of the

heavier solid in the lighter liquid.

The later opalescence, which lingers so long, as well indeed as much of the more visible clay

earlier, does not exist in the liquid as separately visible particles even with the microscope. ^ All

the microscoi)ically visible particles settle relatively early in the experiment; the later opalescence

is from nltramicrosco]>ic materials. This is more visible in the suidight than in ordinary dif-

fused light, and shows the path of a beam of sunlight through it very strongly when the amount

suspended is very slight indeed. The clearest natural waters, I have found, are not optically pure,

but some aiipear to be without the o])alescence that I have described from suspended clays.

Those portions of clay that remain long suspended, and are without separately visible parti-

cles, seem to me to be in a condition analogous to that of a colloid, reminding one of diluted

gelatinous silica or diluted boiled starch. In many respects the behavior of that portion of a clay

which will not set'.le to the bottom of a vessel a few inches deep in several days of quiet is

that of a colloid. Prof. S. W. Johnson, whose knowledge of soils in their chemical and agricult-

ural relations is .so extensive, and who has been acquainted with these experiments during their

progress, first suggested to me that the phenomena might be essentially chemical and to relate to

the state of hydration of the clays.

Following this up, it seems to me probable that there may exist a series of hydrous silicates

of alumina and iron, holding very feebly different amounts of water, and having difl'erent prop-

erties, so far as their relation to water is concerned, .some swelling up in water more than others,

and diffusible in it (as colloids) with difl'erent degrees of facility, and that acids, salts, heat, and

other conditions change these states of hydration, and thus change the behavior of the su.spended

material towards water ; that some which exist in pure water at one temperature are destroyed by

another temperature, or by acids, salts, &c.

There are many indications that this is the case. The use of lime in agriculture for drying

heavy, wet, clayey lands was known long before underdraining was extensively practiced. The

burning of clays and other operations in agriculture may ha\e their practical basis in the same

chemical properties of clay. The tendency of many, and indeed most, clays when diffused in water

to arrange them.selves in layers or strata in the liquid suggests the same thing, these different strata

representing different chemical compounds of a series. With some of the finer sedimentary clays it

is not uncommon to have as many as six or eight such layers in the turbid liquid, and these probably

represent different weak chemical compounds, settling with different degrees of rapidity, and more
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or less colloid, or, if not soluble as a colloid, having different degrees of attraction towards the

water. When some of these are slowly evaporated at low temperatures, the resulting solid is very

bulky at first, colloidal in appearance, shrinking enormously on drying, and after being dried

behaving very differently towards water. The effects of fieezing and tliawiiig are also suggestive.

In short, there are many indications that clays (and perhaps other similar comiiounds) under

certain conditions in water enter into new clieinical combinations with the water, forming com-

^)ounds having some colloidal characters, which compounds are stable only under a very limited

range of conditions, but which are nevertheless of vast importance in the economy of nature. My
own experiments have extended to a relatively small number of substances, but chemical literature

of recent years mentions colloidal forms of various metallic oxides, and my experiments may

illustrate but narrow phases of much wider-reaching phenomena.

Geological sugf>estions other than those already noted are sufficiently abundant, and have

occurred all along the line of the investigation : suggestions pertaining to the segregation of

veins, the X)bases of lamination in certain slates, tlie hardening of comminuted corals and shells

into liinestones, the effect of the alkaline salts evolved bi the decomposition of rocks, the action

and effects of alternately hot and cold waters on rocks and in veins—these and many other possi-

ble relations. The experiments were begun with very limited objects, but. as they have gone on

and widened with time they have suggested very many possibilities.
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UPON THE FORMATION OF A DEAF VARIETY OF THK IIIMAN RACE.

A PAPElt I'BEtiENTEI) TO THE NATIONAL ACADEMY OF SCIENCES AT NEW HAVEN, NOVEMBER 13, 1883.

Introductory Remarks.

The influence of selection in niodifjing our bieetls of domestic animals is inost marked, and it

is reasonable to suppose that if we could apply selection to the human race we could also produce

modifications or varieties of men.

Uut how can we ascertain the susceptibility of the human race to variation produced by selec-

tion? We cannot dictate to men and women whom they shall marry, and natural selection no

longer influences mankind to any great extent.

We can see around us everywhere evidences of the transmission by heredity of characteristics,

both desirable and undesirable, but at first sight no general selective influence appears to be at

work to bring about the union in marriage of persons possessing the same congenital peculiarities-

On the contrarj', sexual attraction often appears to operate after the manner of maguetical attrac-

tion—" unlike poles attract, like poles repel." Strong, vigorous, and robust men naturally feel

a tenderness for weak, delicate, and fragile women, and are generally repelled by physical strength

and masculine traits in one of the opposite sex. Even in such characteristics as the color of the

hair and eyes, it often appears that uulikes attract.

Certain diseases are known to be liable to transmission by heredity. But we do not find epi-

leptics marrying epileptics, or consumptives knowingly marrying consumptives. Even though

persons afflicted with the same hereditary disease were to intermarry for a number of successive

generations, it is doubtful whether any i^ermanent variety oi" the race could be formed in this way,

for the increased tendency to disease inherited by the oftspring would probably cause a greater

tendency to premature death and ultimately occasion the extinction of the variety.

On the other hand, it is reasonable to suppose that the continuous intermarriage of persons

possessing congenital defects not associated with diminished vitality or vigor of constitution would

result after a number of generations in the production of a vigorous but defective variety of the

race. For instance, the absence of coloring matter from the skin and hair is a defect occasionally

found among human beings, and we may learn from the success of attempts to propagate Albinism

among animals, that we would probably produce a [)ink-eyed, white-haired variety of the human

race by causing Albinos to marry one another ; but this is only speculation. We cannot control

the marriages of men as we can the breeding of animals, and at first sight there seems to be no

way of ascertaining how far human beings are susceptible of variation by selection.
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Such a couelusion, however, would be incorrect; and I desire to direct attention to the fac^

tliat in this country deaf-mutes marry deaf-mutes.

An examination of tlie records of some of onr institutions for the deaf and dumb reveals the

fact that such marriages are not the exception, but the rule. For the last fifty years there has been

some selective influence at work which has caused, and is still causing, the continuous selection of

the deaf by the deaf in marriage.

If the laws of heredity that are linown to hold in the case of animals also apply to man, the

intermarriage of congenital deaf-mutes through a number of successive generations should result

in the formation of a deaf variety of the human race.

On the other hand, if it can be shown that congenitally deaf persons many one another

without any greater liability to the production of deaf ofl'spriug than is to be found among the

people at large, then it will be evident that we cannot safely aijply to man the deductions that

have been drawn from experiments upon animals.

There are good grounds for the belief that a thorough investigation of the marriages of the

deaf and the influence of these marriages upon the offspring will afford a solution of the problem,

" To what extent is the human race susceptible of variation by selection ?"

Although the statistics I have been able to collect are very incomplete, I have ventured to

bring the subject to the attention of the Academy, in the hope that the publication of the results

so far obtained may lead to the completion of the statistics.



Chapter I.

UPON THE MATERIALS FOE THE FORMATION OF A DEAF VAEIEIY OF THE HUMAN RACE AT

PRESENT EXISTING IN AMERICA.

Tlie first difHculty eucountered in the inquiry is that the published reports of our institutions

for the deaf and dumb contain very little information bearing upon tlie subject, but, judging from

the questions that arc asked of the parents or guardians of the pupils, there must be among the

unpublished records of our institutions an immense collection of valuable facts relating to heredity

at present inaccessible to the public. Many of the reports of the institutions contain little more

of interest in this connection than a catalogue of the pupils. The mere lists of names, however,

become of value by directing attention to the fact that among the pupils who have been admitted

to many of our institutions, numerous groujjs of deaf-mutes are to be found who have the same

surname.

No one would be surprised by the moderate recurrence of such common names as " Smith" or

"Brown" or "Johnson"—as the recurrences might be accidental, and have no other significance

than to indicate the prevalence of these names in the community at large. But can it be acci-

dental that there should have been admitted into one institution eleven deaf-mutes of the name of

"Lovejoy," seven of the name of "Derby," and six of the name of "Mayhew." What interpreta-

tion shall we place upon the fact that groups of deaf mutes are to be found having such names as

" Blizzard," " Fahy," " Hulett," " Olosson," " Brasher," " Gopher," " Gortschalg," &c. ? Such names

are by no means common in the community at large, and the inference is irresistible that in many

cases the recurrences indicate blood-relationship amoug the pupils.

An examination of a number of institution reports shows that these recurrences are altogether

too numerous to be entirely accidental, and we are forced to conclude, (1) that deafness runs in

certain families, (2) that these families are very numerous, and (3) that they are to be found in all

parts of the United States.

The following list of recurring surnames, taken from the 1877 report of the American Asylum

for the Education of the Deaf and Dumb (Hartford, Conn.), will show how numerous these recur-

rences are tftuong the pupils of our older institutions :
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Table I.

—

Recurrence of surnames among i;,106 pupils admitted between the years 1817 and 1877.

American Asylum for tlio education of ileaf-mutes, Hartford, Coun.

Names occurring 25 times : Smith.

Names occurring 20 times: Allen.

Names occurring 17 times : ]5rowu.

Names occurring 13 times : Campbell, Davis.

Names occurring 12 times : White.

Names occurring 11 times: Clarke, Johnson, Lovejoy.

Names occurring 10 times : Small.

Names occurring 9 times: Fuller, Green, West, Williams, Wood.

Names occurring 8 times: Bailey, Bartlett, Perkins, Richardson, Rogers, Wright.

Names occurring 7 times: Derby, Jaclc, Marsh, Martin, Merrill, Tliomas.

Names occurring 6 times: Berry, Butler, Hawley, Marshall, Mayhew, Morse, O'Brien, Rowe, Rus-

sell, Stevens, Swett, Taylor, Tripp.

Names occurring .'J times: Andrews, Ball, Barnard, Blizzard, Chapman, Cook, Curtis, Denuison,

Fisk, French, Holmes, Howe, Jackson, Kimball, Meacham, New-

combe, Packer, Parker, Pease, Porter, Reed, Slocum, Sullivan, Til-

tou, Webster, Wilson, Young.

Names occurring 4 times: Baker, Bennett, Bigelow, Bishop, Burbee, Chandler, Ellis, Emerson,

Fahy, Fisher, Foster, Gilbert, Hammond, Hill, Holt, Hulett, Hull,

Jellisou, Jones, Kendall, Kennedy, Ladd, Luce, Marr, Mayberry,

Miller, Morgan, O'Neill, Page, Parsons, Prior, Quinu, Robbins,

Ryan, Scovell, Stone, Strong, Stuart, Tliompson, Turner, Wake
field, Ward, Welch, Wells, Wiswe 11.

Names occurring :^ times: Abbott, Acheson, AUard, Atkins, Badger, Baldwin, Barnes, Barrett,

Blakely, Blis.s, Boardwin, Briggs, Bruce, Burnham, Cantlon, Car-

. penter. Carter, Clo.ssen, C'lough, Cobb, Cummins, Daniels, Deiini.sou,

Drown, Dudley, Edwards, Fish, Frank, Goodrich, Gray, Haley,

Haskell, Holden, Hunter, Ingraham, Jordan, Lart'erty, Lambert,

Larabee, Livingston, Lombard, Lyman, Macomber, Mahoney, Mann,

McCarty, Mitchell, Moore, Morri.son, Mowry, Murphy, Nelson, New-

ton, Noyes, Osgood, Palmer, Perry, Piatt, Pi-att, Prescott, Randall,

Reynolds, Robertson, Sage, Sawyer, Sherman, Sloane, Stebbins,

• Stevenson, Taft, Titcombe, Town, Trask, Wardnian, Watson,

Wentworth, Wheeler, Whitcomb, Wilkins, Winslow, Woodward.

Names occurring 9 times : These are too numerous to be (jiioted here. There are two hundred and

fourteen of them.

The following tables show that the pupils referred to above eoiistitute more than 63 per cent,

of the total unniber of pupils admitted:

Table II.

—

Recurrence of surnames among the pupils of the American Asylum for (Icafmufcs, Hart-

ford, Conn. (1877 Report.)
No. of pupils
represented.

7ti4 names occur 1 time 764

214 names occur 2 times 428

81 names occur 3 times 243

45 names occur 4 times 180

27 names occur 5 times 135

13 names occur 6 times 78

6 names occur 7 times 42

6 names occur 8 limes 48

5 names occur 9 times 45

1 name occurs 10 times 10

3 names occur 11 times 33

1 name occurs 12 times 12

2 names occur 13 times 26

1 name occnrs 17 times 17

1 name occurs 20 times 20

1 name occurs 25 times 25

1,171 2, IOC
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Tablio I II.

—

Shoicing recurrence of snrnamcn and jierccntages of the whole.

(American Asylum, 1877 llejiort.)

183

Number of suruames.
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Names occurring 7 times: Davis, Jones.

Names occurring 6 times: Kelly, Mitchell, Moore, Welch, White, Williams, Wright.

Names occurriug 5 times : Adams, Allen, Clark, Hall, Lee, Long, Stejihens, Taylor, Thompson, Wolf.

Names occurring 4 times : Bailey, Barnes, Berry, Cox, Gunn, Han'is, Hixon, Huffman, Jacoby, James

MoCllelland, Murphy, Sturgeon, Sullivan, Townseud, Walker.

Names occurring 3 times: Amnions, Baker, Ballard, Boyd, Brasher, Brooks, Buckley, Campbell, Carroll,

Chamberlain, Conn, Gopher, Crawford, Darnell, Doyer, Ford, Fuller, Gibson,

Goodner, Goodwin, Gortschalg, Gray, Harper, Hill, Keil, Kennedy, Laughlin,

McFarland, McGary, McLean, McNeal, Merrill, Morgan, Neilson, Nichols,

Simmonds, Sterling, Stewarti, Stout.

Names occurring 2 times: These are too numerous to be quoted here. There are 150 of them.

Tlie following tables show that the pupils referred to above constitute more than 41 per cent,

of the whole number of pui)il8 admitted

:

Table VI.

—

Recurrence of surnames among the pupils of the Illinois Institution for the Deaj and

Dumb,

(1882 Report.)
No. of pnpils

represented.

953 names occur 1 time 953

150 names occur 2 times 300

39 names occur 3 times 117

16 names occur 4 times 64

10 names occur 5 times 50

7 names occur 6 times 42

2 n.ames occur 7 times 14

1 name occurs 8 times 8

2 names occur 9 times 18

2 names occur 10 times 20

1 name occurs 16 times 16

1 name occurs 18 times 18

1,184 1,620

Table VII.

—

Recurrence of surnames and percentages of the whole.

(Illinois Institution, 1882 Rejiort.)

Number of surnames.
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American Asylum.* They show that of 2,106 pupils admitted to that institution, 693, or nearly

33 per cent., were known to have deaf-mute rehitivos. The significance of tliis becomes more

apparent when we tiud that in the majority of these cases tiie i)upils have more tlian one rela-

tive deaf and dumb, while in a few cases as many as fifteen deaf-mute relatives are recorded.

Table VIU.— Deaf and dumb relatives of the pupils of the American Asylum for DeafMutes, from

the 1877 Report.

p

Doiif iiiul (luuil) rchitivea of piii>ils

13

Do.af aiuT (Tiimlj relatives of pupils.

2
1

2
1

1

1

1

3
2
1

1

1

o

1

1

2
1

6
2
3

1

1

1

1

4
1

1

1

1

I

1

1

1

129

1 great <;nnKl father.

1 granilfatlier.

1 giaiul fat lu'r. father, mother aiul other relatives.

1 grandfather, father, 3 children, and other reha-

tives.

! grandfather, father, and hrother.

1 grandfather, father, and sister.

father and iriother

father, mother, and 1 brother.
father, mother, and 2 hrother.s.

father, mother, and 2 sisters.

father, motlier, 1 brother, and 1 sister.

fatlier, njother, 2 brothers, and 1 sister.

father, mother, 1 brother, and 2 sisters.

father, mother, 1 brother, and 5 uncles and
aunts.

fatlu'r, mother, 1 sister, 1 uncle, and 1 aunt.

fatlier, mother, 2 brothers, and 2 uncles.

father, mother, 2 sisters, and 1 uncle.

father, mother, 1 brother, 1 sister, and 1 uncle.

father, mother, and 1 cou.sin.

father, son, 1 lister, 2 nephews, and 5 other rela-

tives.

father, 2 sisters, and other relatives.

father, 1 brother, and 1 sister.

father, 1 brother, 1 sister, and 1 cousin.

father, 4 lirothers, 1 sister, and 1 cousin.

father, 3 brothers, 2 sisters, and 1 cousin.

mother and 1 lirother.

mother and 2 sisters.

mother, 1 lirotlier, and 1 sister.

mother, 1 l>rother, 2 sisters, and 1 cousin.

mother, 2 brothers, 1 sister, and 1 cousin.

mother and 1 uncle.

mother and 2 uncles.

1 child.

1 child and 1 brother.
1 chiUl and 1 sister.

1 chihl and 2 sisters.

1 child and I enusin.

2 cliiMron and 1 brother.

2 children, 1 brother, and 2 sisters.

3 children.

3 children and 1 hrother.
3 children, 1 brother, and 1 cousin.

3 chihlren and 1 cousin.

3 children and other relatives.

4 children.

5 children and 1 brother.

5 children .and 2 brothers.

5 children, 1 brother, and 2 sisters.

1 sister.

31

3

1

7

1

1

2
1

1

1

1

1

2

I

1

1

3

141
47
12

8
6
2
1

1

4

1

1

1

1

1

2
1

1

1

26
34
11

4
2
2
1

1

6
10
2
1

3

sisters,

sisters,

sisters.

sister and 1 cousin,
sister, 1 cousin, and 1 uncle,
sister and 3 cousins,
lister, 3 cousins, and 1 nnclo.
sister and 4 cousins.
sister, (> cousins, and 1 uncle.
sister and I uncle.
lister and 1 aunt.

sister, 2 aunts and other relatives.

sisler auil other rel.atives.

sister and 4 other relatives,

sister and 14 other relatives,

sister and 7 other relatives.

sisters and 1 cousin,
sisters and 2 cousins,
sisters and 3 cousins,
sisters and I second-cousin.
l)rother.

brotlier and 1 sister,

brother and 2 sisters.

i)rother and 3 sisters,

brother, 1 sister, and 1 cousin.
brother, 2 sisters, and 2 cousins.

l)iotlier, 1 sister, and 3 cousins,

brother, 1 sister, .and 1 second-cousin,
brother, 1 sister, 1 cousin, and 1 uncle,

brother and 1 cousin,
brother ?iud 3 cousins,
brother and 4 cousins,
brother, 4 cousins, and other relatives,

brother and 1 aunt,
brother and 1 niece,

brother and 2 nephews,
brother and other relatives,

brother and 7 other relatives.

brother, 1 sister, and 1 .second-cousin,

brothers.
lirothers and 1 sister,

brothers and 2 sisters,

brothers and 1 cousin,

brothers, 2 cousins, and 2 uncles,

brothers, I sister, and 2 cousins,

brothers, 2 sisters, 1 uncle, and 1 aunt,
brothers, 2 sisters, and 11 other relatives,

brothers.
brothers and 1 sister,

brothers and 3 sisters.

brothers, 1 sister, and 2 second-cousins,
brothers.

*.See "The stxty-first annual report of the directors and officers of the American Asylum, at Hartford, for the

education and iustructioQ of the deaf ami dumb," presented to th<^ asylum May l.">, 1877, pp. 42-9S.

S. Mis. 110 24
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Table VIII.

—

Deaf and dumb relatives ofpupils of American Asylum for Deaf-Mutes, <&e.—Coutinued.

i
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Table XII.—Showing Hnmher of pup! In iKtvin;/ one or more deaf-mute relatives.

"(Atueiii'Mii Asyliiiii for Dcaf-Mutes. Report for 1877.)

(193 pupils
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We have good reason, therefore, to fear that the intermarriage of congenital deaf-mutes, even

though the deafness in both cases might be sporadic, would result in many cases in the production

of deaf oflsi)ring. It is important, then, to arrive at some idea of the numbers of the deaf and

dumb who are deaf from birth.

The Compendium of the Tenth Census of the United States shows us that there were living in

this country on the 1st of June, 1880, no less than 33,878 deaf-mutes, and that "more than one-

half" were congcnitally deaf.*

The proportion can be obtained more exactly from an address delivered in Jacksonville, 111.,

on the 29th day of August, 1882, before the tenth con\'eutiou of American instructors of the deaf

and dumb, by the Rev. Fred. H. Wines,t who had charge of the department of the census relating

to the deaf and dumb. Pending the full publication of the census returns, the statements of Mr.

Wines concerning the census of the deaf and dumb must evidently be received as authoritative.

In the address referred to Mr. Wines gave the results of an analysis of 22,472 cases from the

census, from which it appears that of these deaf-mutes 12,154, or 54.1 jjer cent., were reported as

congenitally deaf, and 10,318, or 45.0 per cent., were stated to have lost their hearing after birth.

If we apply these figures to the total mentioned in the Compendium of the Census (33,878)

we find that there are probably 18,328 congenital and 15,550 non-congenital deaf-mutes in the

United States.

Deductions drawn from the breeding of animals would lead us to expect that the congenitally

deaf would be more likely than those who became deaf from accidental causes to transmit their

defect to their oflsi)iing. Another indication pointing in the same direction is to be found in the

fact that the proportion of the deaf and dumb who have deaf-mute relatives is very much greater

among the congeuital than among the uou-congenital deaf-mutes.

The following tables (Tables XIY, XV, and XVI) have been compiled from the re])orts of

the American institutions for the deaf and dumb already referred to:

Table XIV.
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Table XV.

—

Proportion of the non-congenitally deaf ivho hare deaf-mute relatives.

Institutions.

Ami'iican A.syliim

Ni'xv Yorli Instiiiition

Ohio Institiilioii

Indiana Instiiiition ..

Illinois Institution. ...

Texas lustitntiou

Total

Niunlxn' of Niinibiir having
|

Percentage
non-congenital deaf-mnto rcl- having deaf-mute
deaf-mutes. atives. relatives.

1,040
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not all the. cases in which we would anticipate that intermarriage might be productive of deaf oft-

spring. The late Dr. Harvey L. Peet states, as the result of his researches,* that the hearing

brothers and sisters of a deaf-mute are about as liable to have deaf children as the deaf-mute himself.

It is only reasonable to assume that a tendency towards deafness exists in a family containing

more than one deaf-mute, so that if hearing persons belonging to such families were to intermarry,

or were to marry deaf-mutes—or if a consanguineous marriage were to take place in such a family

—

we would not be surprised if souic of the ofi'spriug should be deaf. In addition therefore to the

20,474 deaf-mutes referred to above, ice mvst include the hearing and speaMng members of their families

before ice canform an adequate conception of the number ofpersons who possess a predisposition towards

deafness.

It will thus be seen that we have abundant materials in the United States for the formation

of a deaf variety of the human race by selection in marriage.

*Araerican Annals of the Deafand Dumb, Vol. VI, p. 235.



Chaptee II.

MABKIAGES OF THE DEAF.

Having shown that a large proportion of the deaf and dumb possess hereditary tendencies

toward deafness, the question naturally arises: "Do many of the deaf and dumb marry?"

It is the custom in some of our institutions to hold periodical reunions of former pupils, and in

some cases advantage has been taken of the opportunities thus presented to obtain information con-

cerning the marriages of the pupils, &c. An examination of the reports of the-American Asylum,

New York, Ohio, Indiana, and Illinois in.stitutious, yields the following results:

Table XVIII.

Name of institution.
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theu, we eliminate from the totals given in the above table, all the pupils of these institutions who

were born since the year 1839, we obtain the following results:

Table XIX.

—

Proportion of the pupils ofour institutionsfor the deaf and dumb who marry.

1
'

T,T ,• ,-, , Date of Date ofName ot institut.oii.
opening. report.

1
\
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may be able to apiJioximaU; to llic order ol' the iiianiaj>es by classityiiig- the pupils according to

their period of birth. Although 1 have not attempted a minute clas.sitication, excepting in the

cases shown in the Api)endix, it is comparatively easy to arrange all the married pupils referred to

above into four cla.sses: (1) those born before 1810; (2) those born in the period 1810-18.39; (.H) those

born in the period 18^0-18511; (1) those born since the comiueucement of LStJO. The results are

shown in the following table:

Table XXL

Period of birtli.

Before 1810...
1810 to 1839 ..

18-40 to 1859 .

.

1860 aud after

Total
recorded
to have
married.

129
715
233
12

: Total
recorded
to have
married

deat'-uiutes.

Percent-
age.

72
.577

1116

11

5.5.8

80.7
84.1
91.7

The number married who were born-sinee 1859 is too small to be relied upon for a percentage.

It is only to be hoped that the percentage given above is excessive. The indications are very

clear, however, that of the deaf and dumh who marry, the proportion icho marry deaf-mutes has

steadily increased: This conclusion is strengthened when we find that the above result, which has

been deduced from a summation of all the cases recorded in the reports of the American Asylum,

New York, Indiana, Ohio, aud Illinois institutions, is also true of the cases recorded in each report

taken separately. This will be obvious from the following table

:

Table XXII.

Name of institution, with date of ojieniug

and jof report.
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ill 1877, tlif (late of the report, .so tliat it is certain that a considerable numlier of tlie pupils born

between lS4(t and 185!> were married after the date of tbe report, and .so escaped euinueratiou. It

is questionable, however, whether this eonld alfect the proportion who were married to deaf-mutes.

It is more reasonable to suppose that in iliis (lase the apparent decrease is real, for an entirely

different method of investigation leads to a siniihir result. In the years 184.':!, 18.57, 1867, and 1877

the directors of the American Asylum published in their re[)orts the statistics of the institution,

giving the names of those ]>ui>ils who had married. If we assume that the pupils who were not

recorded as married in the 1843 report, but who were recorded as niaiTied in the 1857 report, were

married between the years 184.*? and 1837, &c., we can divide the marriages reported from tbe

American Asylum into four classes: (1) Marriages contracted before 1843, (2) marriages contracted

between 184.'') and 1857, (3) inariiages contracted between 1857 and 1867, and (4) marriages con-

tracted between 1867 and 1877. The results are shown in the following table:

Table XXIII.

—

Marriages of the pvpih of the American Asylum.

•

Presumed date of marriage.



THE FOKMATION OF A DEAF VAIMFTV OF THE HUMAN KACE. 195

I would also suggest that, wberever possible, tlie names of the husbands aud wives of the pupils

should be given, and the faet reeorded as to whether they belong to families containing more than

one deaf-mute or not. This is important even iu the case of marriage with a hearing person, for

in most of the cases of such marriages that have come uuder my personal observatiou the heariug

partner belonged to a family containing deaf-nnites.

However imperfect may be the records of the marriages of the deaf it is abundantly evident,

(1) that there is a fendeiicy amniu/ (leaf miite.s to select deaf-mutes as their partners in marriage ; (2)

that this tendeney has been continuously exhiljited during the pastforty or fifty years, and (3) that there-

fore there is every probability that the selection of the deaf by the deaf in marriage will continue in the

fiiture.

It is evident, then, that we have here to consider, not an ephemeral phenomenon, but a case of

continuous selection. For instance, should it appear that there are in ihis country any considerable

number of deaf-mutes who are themselves the offspring of deaf-mutes the indications are that a

large proportion of these persons will marry, and that of those who marry, the majority will marry

deaf-mutes. Thus, there is every indication that iu the case of the deaf and dumb the work of

selection will go on from generation to generation.



CnAPTER III.

DEAF-MUTE OFFSPRlNa OP DEAF-MUTE MARRIAGES.

In a paper upon '' Hereditary Deafness"* (published in 18G8), Eev. W. W. Turner, tben prin-

cipal of the American Asylum, said that " statistics, carefully collated from records kept of deaf-

mutes as they have met in conventions at Hartford, show that in 86 families with one parent a

congenital deaf-mute, one-tenth of the children ivere deaf; and in 24: families tvith both parents congenital

deaf-mutes, about one-third were born deaf.

In support of this conclusion be presented the following table

:

Table XXIV.

Class.
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Dr. Feet stated that of all the ramiliois ciiibiai-ed in the table '' about one in twenty have

deaf-imite children where both parents are deaf-mutes, and about one in one hundred and thirty-Jive

where only one is a deafmute; and that the brothers and sisters of a deaf-mute are about as liable to

have deaf-mute children as the deaf-mute himself, supiiosiny each to marry into families that have or

or each into families that have not shown a predisposition toward deaf-dumbness.''''

Table XXV.

Name of institution.

Pupils of the New York In.stitutiou*

Pupils of the Hartford Anylnni*
Pupils of tlie Oliio Asylum
Pupils of the Gronniugen Institution (Holland)
City of Paris
Belgium (census of 1835)
Ireland (census of 1851)
Yorkshire Institution (^ England)
Leipsic lustitution (Germany)
Prague Institution (Bohemia)
Luxemburg Institution (Netherlands)
Lyons Institution (France)
Geneva Institution (Switzerland)
Russia Institution (incidental notices)

Bavaria Institution (incidental notices)

Married hearing
persons.

"
I

Married deaf-mutes.

Total
Deduct the three American institutions

.

Remains for Europe

Males.
19
43
13
28
14

7

45
1

4

6

Females.

29
2S
4

32

Malcf.
(iC)

104
18

t)

15

1

Females.
77
89
21

fl

15
1

188
75

106
58

218
188

217
187

113 48 30 30

*Some marriages have been deducted from the Hartford list that appear also in the New York
list. There have also been marriages between educated and uneducated mutes, or between deaf-

mutes of our schools and semi-mutes not pupils.

From this table it appears that at the time of the investigation (ISS-t) marriages of deaf-mutes

and especially between two deaf mutes, loere far more common in America than in Europe ; and that,

except among the pupils of the New York Institution, there were twice as many deaf-mute men icith

hearing icives, as deaf-mute women icith hearing husbands.

Principals of iustitutious for the deaf and dumb have personal knowledge of their iiupils, and

may therefore be able to arrive at correct conclusions regarding the results of intermarriage.

It is extremely difficult, if not impossible, for others to arrive at an independent conclusion

from the data published in the institution reports. It is even impossible to ascertain from these

reports the mere number of the deaf offspring recorded as born to the pupils. The nature of the

difticulty will be understood by an example. From the 1S77 rejiort of the American Asylum we

find that

—

George W. A (born about 1803) "married a deaf-mute" and had 3 deaf children.

Mary E (born about 180S) "married a deaf-mute" and had 3 deaf children.

Jonathan M (born about 1814) "married a deaf-mute" and had 3 deaf children.

Paulina B (born about 1817) "married a deaf-mute" and had 3 deaf children.

Now the query presents itself, "how many deaf children were born to these pupils?" Perhaps

Mary E was the wife of George "W. A , and Paulina B the wife of Jonathan M ,

in which case there are only G deaf children in all. It is possible, however, that in such cases the

males and females were not related in marriage, and upon this supposition there were 12 deaf

children.
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There is generally nothing in the institntiou reports to guide us to a solution of the problem.

If the names of the husbands and wives of the pupils were recorded it would be possible to arrive

at some conclusion. As it is, the most we can do is to ascertain the number of deaf children recorded

iis the ofi'spring of the male pupils and those noted as born to the female pupils. Even though it

were possible to arrive at a correct conclusion regarding the total number of deaf ofi'spring recorded

in the reports, still we would not be able to ascertain the actual nunil)er of deaf children born to

the pupils. For it is obvious, from the following considerations, that the number i-ecorded is so

much less than the number born as to lead to the inference that in a considerable proportion of

cases the deaf offspring are not recorded at all until some of the children make their appearance

in the institution as pupils. This means that they may not be recorded until 10, 20, or even 25

years after the date of their birth. I may be wrong in such a supposition, but I do not know how
otherwise to account for the imperfection of the records

:

(1) In the 1877 report of the American Asylum the married male pupils were recorded to have

had 3G deaf children born to them and the married female pupils 28. Whereas 57 children of

deaf-mute marriages have already been admitted into the institution as pupils (November, 1883*),

all of whom were born before the 1877 report was issued. This does not include a number of deaf-

mutes who have been admitted into other institutions in New England whose parents were pupils

of the American Asylum, nor does it include children too young to be sent from home.

(2) In the 1882 report of the Illinois Institution the married male pupils were recorded to have

had 10 deaf children born to them and the married female pupils 8. Whereas 11 children have

already been admitted into the Illinois Institution (November, 1883t) one or both of whose parents

were deaf.

(3) A comparison of the four reports of the American Asylum containing the statistics of the

institution shows that only a small proportion of the deaf ofi'spring of the later marriages are

recorded in the 1877 report. This will be obvious from the following table:

Table XXVI.

—

(JongenitaUy deaf pupils who married deaf-mutes.

PresuiiuMl (late of mar-
riage.*
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If we add together the tottil luiinber ol' inakvs mikI t'einales l{^[)()lt(Hl to liavc inanicd and tho

total iiHinber of doaf chihlreii stated to liave been born to tlieni, we ol)tain the tullowinj;- fi.i;ure« :

810 individuals iiiarried, and 82 deaf offspring. We cannot eonchide from this that the records

indicate that 82 deaf children were born to the 816 pupils referred to, for many of the male pupils

mentioned had uudoubtediy married female deaf mutes educate<l in the same institution with

themselves. In such cases the deaf ofitsj)ring were [)rol)ably recorded twice—once under the name

of the father and once under the name of the mother. If we desire to obtain, not the actual

number of deaf children recorded to have been born to the pui)ils, but the proportionale number,

we may safely add together the children recorded to have been born to the male and female ptijjils;

for, if 810 families have 82 deaf children, the proportionate number of deaf children (10 tor every

100 families) is a mean between the results obtained from the marriages of the males and females

considered separately, and is more reliable than either from being based on larger numbers.

In the following tables this plan of addition lias been adopted, and it must be remembered that

the number of families noted and the number of deaf children born, as deduced from the reports

of the American Asylum and Illinois Institution, must not be taken to indicate the actual number

of families formed by the pupils of these institutions, nor the actual number of deaf chihiren born

to them. They simply indicate a proportion, which is expressed in the third column by a percentage.

If none of the males married females recorded in the same reports, then the figures in the

following tables would indicate actual as well as proportionate numbers; but this is not the case.

Table XXVII.

—

Proportion of deaf offspring resulting from the marriages of deaf-mutes.

[Ueduced from tbe reports of the Americau Asylum and Illinois Institutiou.]

Married couples.
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Tlie perceiitaucs obtaiaeil indicate, of course, tlie uumber of deaf children for every 100 fam-

ilies as recorded in the reports, and not the actual number of deaf children for every 100 families

(which is known to be gi-eater).

Tlie general results obtained from the two institution reports are remarkably concordant.

In the case of the American Asylum, however, it appears that the pupils who married hearing

persons iiad a larger proportion of deaf children than those who married deaf-mutes (!) Such a

remarkable result requires explanation. The pupils assumed to have married hearing persons are

simply recorded in the report as "married," but from private correspondence with the present

principal
[
M . Williams) I find that in most, if not in all, cases sp recorded the record is really

intended to indicate marriage with a hearing peison.

Even in the case of the congenitally deaf pupils of the American Asylum it appears that

those who married hearing persons had a larger proportion of deaf oft'spring than those who mar-

ried deaf-mutes. The following table shows that this result can be deduced not only from the

tables in the appendix, but from the table quoted above from Dr. Turner's paper on Hereditary

Deafness:
Table XXIX.

Dr. Turher's results (1868) \ -r, n. , -.o-,-. .. c
for pupils of the Ameri- '

^"^"l*^ ^''P™ ^f ' f^P°'"* °^
Auiericau Asvlura.

pupi
can Asvlum.

Mairi.aK<'S of tlio conmiuitallv deaf.

One pareut congenitally deaf and the
other a hearing person

Both parents deaf-mutes (one congen-
itally deaf and the other inciden-
tally deaf)

Both parents deaf-mufes (both con-
genitally deaf)

Both parents deaf-uiutes (one or both
congenitally deaf)

a

30

56

80

5!

o

If)

6

17

23

50.

10.7

70.9

28.7

a

"A

s

Qi
U to

-2S a

57

(?)

(?)

239

14 24.6

(?)
I

(?)

(?)
j

(?)

34 14.2

* Class 4 gives summation of classes 2 and 3.

I have already stated that iu the majority of the cases that have fallen under my personal

observation where a deaf-mute was married to a hearing person that the hearing person belonged

to afamily containing deaf-mutes, and this is significant in the light of the results deduced above,

especially when we remember that the late Dr. Harvey L. Peet found that "the brothers and

sisters of a deaf-mute are about as liable to havedeafmute children as the deaf-mute himself, suppos-

ing each to marry into families that have or each into families that have not shown a predisposition

toward deafdumbness." If we examine the cases of the pupils who are presumed to have married

hearing persons in the light of this idea, separating the sporadic cases from those who have deaf-

mute i-elations, we obtain the following results

:

We find from the tables in the appendix that 162 deaf-mutes were "married," presumably, to

hearing persons. Of these deaf-mutes 55 are stated to have had deaf-mute relatives, and they are

recorde<l to have had 15 deaf children, or more than 27 deaf children for every 100 families; on

the other hand, 107 of these deaf mutes were noted as sporadic cases, and only one deaf child is

recorded as tlie otfsi)riug of the marriages !
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We have here n clear iiidifatiDn that a hereditanj tendency Inirards denfncftfi, as indicated Inj the

possession of deaf relatives, is a most itiijiortant element in determining the production of deaf of'

spring. ThefoUoicing table shoirs that it may cren he a more important element than the mere fact of

congenital deafness in one or hoth of the parents.

Table XXX.

—

Ueafmulc offspring of deaf-mute marriages.

Llirsiilts ilediii^ed t'ldin the tables in the appendix, coiiihiiiin;; the figures obtained from the reports of the American

Asylum and Illinois Institution. ]

De.scri)ition (if married couples.

(1) Father known to be a deaf-mnte (siunmation of all cases where the cause of

father's deafness is stated):

(n) Father recorded to be con}j;eni tally deaf
{b) Father reeorde<l to be non-cougeni tally deaf

(•2) Mothir known to be a deaf-mute (snniniation of all cases where the cau.se of

mother's deafness is stated):

(«) Mother recorded to lie cougenitally deaf
{b) Mother recorded to be uoneongeni tally deaf

(3) Father known to be a de:if-nmte (sninmatiim of all such eases):

(«) Father known to have deaf-mute relatives

(h) Father recorded as a sporadic c;ise

(4) Mother known to be a deaf-mnte (summation of all such eases)

:

(a) Mother known to have deaf-mute relatives

(6) Mother recorded as a sporadic case

(5) One parent known to be a deaf-mute (summation of all cases where the cau.se

of deafness was stated):

(n) Deaf-mute parent recorded to be congeuitally deaf
(b) Deaf-nnite jiarent recorded to be nou-congenitally deaf

(6) One parent known to be a deaf-mnte (summation of all cases):

(«) Deaf-mnte parent known to have deaf-mute rehitives

(/>) Deaf-mute parent recorded as a sporadic case,

(7) One parent recorded to be congeuitally deaf (summation of all cases):

(n) (Cougenitally deaf parent known to have deaf-mnte relatives

(b) Congeuitally deaf jiareut lecorded as a sporadic case

(8) One parent recorded to be nou-congenitally deaf (summation of all cases):

(a) Non-cougenitally deaf parent known to have deaf-mute relatives

(6) Nou-congenitally deaf parent recorded as a sporadic case

(9) Both parents known" to be deaf-mutes (summation of all cases):

(a) One parent known to have deaf-mute relatives

(fc) One parent recorded as a sporadic case

(10) Both ]iarents kuown to be deaf-mutes and one recorded as congeuitally

deaf:
(a) Congeuitally deaf parent kuown to have deaf-mnte relatives

(6) (Jongenitally deaf parent recorded as a sporadic case

(11 ) Both parents knowu to be deaf-mutes, aud oue recorded as non-congeuitally

deaf:
(a) Non-cougenitally deaf parent kuown to have deaf-mute relatives

{h) Xon-congenitally deaf parent recorded as a sporadic ca.se

(12) One parent known to bi' a deaf-mute and the other presumed to be a hear-

ing person (summation of all cases):

(rt) The deaf-mute parent known to have de.af-mute relatives

(i) The deaf-mute parent recorded as a sporadic case

(13) One parent recorded to be a congenital deaf-mnte, the other presumed to be

a hearing person:
(a) Congeuitally deaf parent known to have deaf-mute relatives

(6) Congeuitally di-af parent recorded as a sporadic case

(14) One parent recorded to be a nou-congfuital deaf-mute, the other presumed
to be a hearing jierscin :

(o) Non-congenital deaf-mute parent knuwn to have deaf-mute relative

(li) Non-congeuilal deaf-iiiuti- parent ri-c-mdcd as a sporadic case

(15) General resulis (summation of all cases of marriage recorded)

:

Average ^16

Number

of

families.



202 MEiMOUtS OF TUE NATIONAL ACADP^MY OF SCIENCES.

(a) The large propoiti )n of deaf otfspriiift- resulting from marriages where the father was

known to liave deaf-mute relatives, and from those where the mother was kuowu to have deaf-

mute relatives, and the comi«iratively small proportion wLere either parent appeared to be free

from hereditary taint, seem to point to tbe conclusion that in a large proportion of cases in u-liich

the marriages iverc productive of deaf offspring both parents had deifmute relatices {even in the case

u-hcre one parent teas a hearing person).

{b) A similar process of reasoning leads to the conclusion tliat in a large proportion of

marriages where deaf off'spring resulted both parents icerc probably congcnitally deaf irhere both trere

(leaf mutes, and one parent congenitally deaf ichere only one n-as a deaf-mute.

((•) It is thus liighly probalde that a large proportioyi of the deaf offspring of deaf mute mar-

riages had parents who were both congenitally deaf and who also both had deaf-mute relatives.

(d) Non-congenital deafness, if sporadic, seems little likely to be inherited.

{e) Another deduction we may make is that more of the deaf offspring whose parents had deaj

relatives will marry th((n of those trhose parents were recorded as sporadic cases, for there are more of

them; and they will hare a greater tendency than the others to transmit their defect to the grandchil-

dren.

These results are in close accordance with the experience of tbe venerable princii)al of the

Pennsylvania Institution, as exj)ressed in tbe following letter:

Pennsylvania IxsTrri'Tiox fo]; Ukaf and Du.mu,

riiiludelpliia, Xoreinher 14, 1.S83.

A. Gkaha.m Bell, Esq.:

Dkai; Sir: Conliur.cil ill licaltli has prcventi'd an earlier compliauce with your request of October 15. Tlie list

I uow seurt is full and accurate, according to the records of tbe iustituliou aiul iny rccollectiou. In regard to most

of tbe cases, I know of no place wbere fuller iufonnation can be obtained tbau our book.s furnisb.

A residence of more Iban forly years in tbis institution Las afforded ine abundant oi^portuuity for observation

iu regard to tbe subject of your rcscareb. A .statement of tbe conclusions I liave arrived at may be ol' some interest

and use to you.

In regard to the marriage of deaf mutes witb eacb other, if both tbe man and tbe woman are deaf from birtb,

there is very great danger—I should say a strong probability—that some of the offspring will be b )rn deaf. 1 know

a family, however, where the mother is one of three congenitally deaf children and the father one of five, and tbe

seven children they have had are all without defect. In the list sent you all the liarents, except in two cases, were

born deaf. In one of these two cases the father could hear; in the other the mother is a semi-mute.

Where both parents became deaf adventitiously, there seems to ho no more probability of the ot^priug being lorn

deaf than there is where both parents hear. ^

Where only one of tie parents is congenitally deaf, the children almost always bear.

Any further information I can give will be furnished willingly.

Yours, respectfullv,

JOSHUA FOSTER.

My attempts to deduce from the records of tbe marriages of the deaf tbe iufluencss that

cause tbe production of ueaf offspring bave met witb only partial success. Valuable indications

bave been obtained, but precise and accurate results are unattainable, on account of imperfect

data. It occurred to me some time ago tiiat a different method migbt lead to an exhaustive exam-

ination of the subject. It is known tbat few of (be deaf and dumb married before tlie establish-

ment of educational institutions in this country, and nearly 78 per cent, of all the marriages re-

corded in the reports of tbe American Asylum (tbe oldest institution in tbe country), seem to have

been contracted since tbe year 1843. The probabilities are, therefore, that the vast majority of tbe

deaf offspring born are still living, and from tbein may be obtained an accurate account of their

ancestry. It also appeared probable tbat tbe majority of these deaf-mutes would at some jieriod
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of their lives, ma ice tiicir iipiicaiauce in iiistitutii)iis for tiie deaf and diiinl), and fVoni tlu^ institution

records migbt l)e obtained tlu'ir names and addresses. Sueli ei)nsideratii>ns as tlie above led nie

to send to all tlie institutions in tUe country a circular letter of incjuiry reiiuestinj? tiie names and

addresses of all tlu! pupils who had been adniitteil wlio had deaf mute parents, and returns have

been received from a number of institutions.*

A startiu<>- point has thus been gained for a new investij^ation of tiie sub'n'ct. The cases re

turned are sufficient in number to throw some light n[)on the pro|)ortion of deaf otfsprini;' Ixnn to

deafmutes as compared with the proportion born to the comiiiunity at large. The total nund)er

of deaf-mutes in the country, according to the recent census, is .>.'!,S7S, wliicli gives us a pro[)ortion

of one deaf mute for every 1,.J00 of the i)o;mlation. If, then, tlie proportion of deaf mutes, origi-

uating among the deaf mutes them.selves, were no greater than in tlie community at large, they

should constitute only 1 in 1,.500 of the deaf-mute populatijn. lu other words, we should not

have more thau 23 deaf-mutes in the United States who are tlieinselvcs the chil.lreu of deaf-mutes.

The returns received from the institutions, however, show that no less thau 2L5 sucli children hare

already been admitted as pupils into .'io of the .^8 institutions of the country ('13 institutions not re-

plying to my «iueries). Pufiils are rarely admitted before they are 10 or 113 years of age and many
do not reach the institution until they are much older. Hence it is evident tli.at this number does

not at all express tlie total number of such cases in the United States. Even if we siiiiiiose that no

more thau 230 sucb cases are to be found in the country, the proportion is ten times greater than in

the community at large, or 1 in 150. But when we consider that nearly all of these children were

born deaf, whereas nearly half of the deaf mutes of the country (45.9 per cent.) became deaf from

accidental causes, we realize that the liability to the production of coiu/cnital deaf-mutes is more

nearly twenty times that of the population at large than ten times. It is evident that whatever

may be the actual number of deaf-mutes in the country who have one or both parents deaf, the true

number is much greater than that assumed above. From which it follows that the liability to the

production of deaf offspring is also greater. While, then, we cannot at present arrive at any per.

centage, it is certain that the proportion of deaf-mute offsprimj born to deaf-mutes is many times greater

than the proportion horn to the people at large.

* See Tables S, T, U, aud W of the Apin'iulix. My best thanks are due to tlie principals aud snperinteudeuls for

their assistance iu this investigation.



Chapter IV.

FAMILIES OF BKAF-MUTES.

Tlie leports of the Americau Asylum, New York, Ohio, Iiidiaua, and Illinois Institutions

show that in each institution deaf-mutes have heeu received who belong to families containing

five, six, or even more deaf-mutes ; and there is abundance of evidence to indicate that such fam-

ilies are very numerous in the United States. In cases where there are five or six children of one

family deaf and dumb some of them marry when they grow uj), and in many cases they marry

persons who belong, like themselves, to families containing several deaf-mutes. Thus it happens

that we have here and there, scattered over the country, groups of deaf-mute families connected

together by blood and marriage.

The probability is very strong that the deaf mute children of deaf-mute marriages will at

some time or other make their appearance in the educational institutions of the country, and we

might reasonably hope to be able to trace the family relations from the published reports of the

institutions. Unfortunately, in the majority of cases, the information that can be gleaned in this

way is very fragmentary and uncertain, for the names of the husbands and wives of the pupils are

rarely quoted, so that it is impossible in the great majority of cases to trace the connections. A
female deaf-mute, when she marries, changes her name to that of her husband; the new name is

not recorded iu the institution reports, and we lose track of her branch of the family. Should she

have deaf offspring they make their api)earance in the institution under another family name, and

the connection is not obvious. So far as my researches have gone they indicate the probability

of a connection by blood or marriage between many of the largest of the deaf mute families of

the New England States.

In the following diagram (Fig. 1) I exhibit the results of an attempt to trace the connections

of the Brown family, of Henniker, N. H., in which there are known to be at least four generations

of deaf-mutes.

O lutlicates a hearing and speaking jjeraon.

^ Iiiilicatcs a deaf-mute.

= Iiiuicatos marriage.

o

.Miiapvevui^l

:l'04

yiG. 1.—The Brown family of llennikor, N. H., and a few of its connections.
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The Broicn famili/, of Hmnikcr, R. II.—Tho ancestor of tliis family was one of tlie early

j)ioneers of New Hampshire. He left Stowe, in Massachusetts, somewhere about tlii^ year 1787,

and settled in neiiuiker, N. H.

His deaf-mute sou Nahum (born in 1772) married a lieariny lady, by whom lie luid a sou and

daughter, both deaf and dumb. His sou Thomas, when he eutered the American Asylum as a

pupil, was recorded to have had "an aunt and two cousins deaf and dumb." (This branch of the

family has not yet been certainly identified.) Thomas married a deafmute (Mary Smith, of Chil-

mark, Mass.), by whom he had two children, Thomas L. (a deaf-mute) and a hearing daughter who

died young. The son Thomas L. married a hearing lady (Almira G. Harte, of Burlington, Vt.), and

removed to Michigan, where he became one of the teachers of the Michigan Institution for the Deaf

and Dumb. I have no information concerning his descendants.

The deaf mute daughter of Nahum married a hearing gentleman, Mr. Bela M. Swett, of lien-

niker, N. H., by whom she had three sons (Thomas B., William B., and Nahum). The eldest son,

Thomas, was born deaf; the second son, William, was born deaf in one ear, and lost the hearing

of the other in childhood from measles; and the third son, Nahum, could hear. The eldest son,

Thomas, married a deafmnte, and his three children (Mitchell, Charlotte E., and Mary S.) are

deaf-mutes. The second son, William, married a deaf-mute (Margaret Harrington) by whom he

had five children, all of whom could hear at birth, but two of them (Persis H. and Lucy Maria)

lost their hearing so early in life as to neces.sitate their education in institutions for the deaf and

dumb. Two others died young and one has retained her hearing into adult life. The eldest

daughter (Persis, born 1852) has married a deaf-mute. It will thus be seen that three families

of deaf-mutes have sprung from Nahum Brown, and in two of these the deafness has descended

to the fourth generation. In the other family it descended to the third generation, beyond which

I have been unable to trace the family. The deaf-mute connections of the Brown family have only

been partially worked out.

1. The wife of William B. Swett was Margaret Harrington, who had a deaf-mute brother,

Patrick, who married a deaf-mute (Sarah Worcester), who had a twin deaf-mute brother (Frank), who

married a deaf-mute (Almira Huntington), who had a deaf-mute sister (Sophia M.), who married a

deaf-mute (James R. Hines).* Frank Worcester, one of the twin deaf-mutes has a deaf-mute son

—

the other twin (Susan) has a child who hears.

2. On the other side of the family, the wife of Thomas Brown (Mary Smith, of Ohilmark,

Martha's Vineyard) had a hearing brother (Capt. Austin Smith), who had two deaf-mute children

(a son and a daughter). The son (Freeman N.) married a deaf-mute (Deidama West).t Mrs. Brown

also had a deaf-mute sister (Sally), who "married a hearing man of Martha's Vineyard (Hariff

Mayhew) who had 5 deaf-mute brothers and sisters."

The Lovejoy family.—This is another New England family in which deafness has been handed

down through four generations. Benjamin Lovejoy, a deaf-mute, of Sidney, Me., is recorded in

• The father and mother of James R. Hiiies (Isaac and Sophia) were both deaf-mutes, and he h.as a deaf-mute

son (Eddie), and a cousin deaf and dumb. His mother (Sophia Rowhiy) also has a deaf-mute cousin.

t They had a deaf-mute daughter (Lovina). Deidama West had a deaf-uiute motlier, Deidama (Tiltou) West, and two

maternal uncles deaf and dumb (Franklin and Zeno Tiltou) who married deaf-mnti's. She also had three brothers and

one sister deaf ami dun\b (George, Benjamin, .Joseph L., and Rebecca). George married a deaf-mute (Sabrina Rogers),

and has a deaf-mute child (Eva S. West). Heujamiu married a hearing lady (Mary Hathaway). I have no informa-

tion concerning their otlspring. Rebecca married a deaf-mute (Eugene Trask), who had a dcaf-mnte brother (John

Trask) who married a deaf-mute. George Trask, a deaf-mute, born about 1880, is probably the son of Eugeue

Trask and Rebecca West.
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tlie rei)orts of the Ainericuii AsyUiin to liave had " ;i gi'iiiKifather, fathiu', and '> children deaf and

dumb." There are other families of deaf-nuite.s of the same name which are obviously connected.

(See Fig. 7.)

The Ouat family, of Illinois.—Two members of this family entered the Illinois Institution in

1859 and 1862. It was recorded of them in the 1882 report that there had been deafness in the

family for five generations. No particulars, however, are given.

O Indicates a hearing person

^ Iiulic.ites a (leaf-mnte.

= Iiidieates marriage.
Eoaqland,

ILexrin^tonJiraTwh) {GaZlUiit' Co.Sranch.)

Reed.

Slount,

^Q

K\-% r^
{^o information concerning
the descendants^

66666
(jVtf ijtfoniuition

coiurminfj t/te

descenda/Us.^

Fig. 2.—The Hoagland family of Kentucky.

The Hoaglandfamily , of Kentiicly (Fig. 2.)—This is one of the most remarkable of the deaf-mute

families of America. In the above diagram I have attempted to show the family connections

so far as they are known to me. In 18."i;3 this family was stated to consist of a father, himself deaf

and dumb, with 7 de,if mute children. lie had 2 deaf mute nephews, one of whom was married

and had two deaf-inute children. He also had a hearing s'ster who luui two deaf-mute sons, one

of whom had 3 children, all deafmutes.*

The priucii)al of the Kentucky Institution has kindly furnished ine with the following addi-

tional particulars concerning this family. He says:

'•In 1822 two bnjthers, Thomas and William Hoagland, entered our institution. Thomas

never married, but William married a deaf mute. He had a son and two daughters, all of whom

were mutes and married mutes. Jesse, the son, has five children, all of whom can hear. Mrs.

Blount, the eldest daughter, has one son, a mute; Clara, the other daughter, is childless. This

may be called the Lexington branch, as their homo was there. Another, the Gallatin County

branch, contained seven deafmutes. In another branch, the Iiee<ls, the father and his three

children are nintes. Only a part of all these mutes have been at school, and it is difficult to trace

n the scanty records the exact relationship between the ditterent branches."

The Adkin.s family, of Kentucky.—This family was stated in 18.13 to contain nine deaf-mutes.t

Thq Orisson family, of Kentucly.— I am indebted to the princii)al of the Kentucky Institution

for the following very instructive particulars concerning this family:

"There were three or four deaf-mute brothers and sisters of this family who were pupils here

(Kentucky Institution) about the year 1828; one of them, William, married a deaf-mute lady and

* American Auuals of the Deaf aud Dumb, vol. vi, p. 255.

t Americau Amials uf the Deaf and Diiiuli, vol. vi, p. 250.
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had a numerous faiuil.v, all of whom could hear. One of his sons niarricid his cousin, also a hearing-

ptTson, )inil till of their fiiu; chUdrrn are deaf mntcny

In 1870 Mr. Benjamin Talbot, then jiriiu-ipal of the Iowa Institution, iJiihlished in the Ainciican

Annals of the Deal and Dumb (vol. xv, p. US) an account of some faaiilies of deaf-mutes residing

in his State. One or two of the most remaiUable cases may be noted which are of a inirticularly

suggestive character.

O Indicates a Iiearinj person.

^ Indicates a dcafniutH.

Tlic Lurher TPaniilu

Iowa.

1
{Father had d^af and dumb
relatives in Indiana)

l^o infofnutiion conceminq the descendants)

Fig. 3.—Tlie Lurber family of Iowa.

The Tjurher fnmili/, of Iowa (Fig. 3).—"The father is a deafmute, without education, who came

to Iowa from Indiana, where there are, or have been, several deaf-mute ridatives. Of twelve

children in this family only one, and she the eighth, was born deaf. Four others, the fourth, fifth,

sixth, and ninth, have lost their hearing in whole or in part, and have been sent to school here

(Iowa Institution)."

Sutton.'

'0

Sisters

O InHic'ites a heariiiix person.

^ Tmlicatea a partially deaf person.

© Indicates a (loaf-mute.

= Indicates marria;;e.

[married I

TmS Cousins \

marrifdl © ©
'All the hrotJu'rs and^
sisters became deaf,
or hard uf hfarinq
earlif in life.

6 5 i o 5(5 5 S i <

(JSb information t<oncemina the descendants.)

Yu:. 4.—The Huston family ot" Iowa.

The Eusfon famiiy. of Iowa (Fig-. 4).

—

''Tliere liave been ten children in this family, of whom
the third and eighth lost their hearing l>y disease, while the sixth, ninth, and tenth were born deaf.
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Mr. Huston's grandmothers were sisters, and the grandfather and grandmother of this family were

first cousins. Mr. Huston's brotliers, like himself, were healthy and long lived, l)ut, like him, tlicy

all. heritme dmt\ or at leas': hard of hearing, comparatively e irly in life."

FtMerton.
Works.

6 6 6 6^
iJi^in/'ormation couvrrning tk
^ descendants.

6 6 6 6 6 ik
[JVo information concerning
the d^scenthmtg \

A Indicates a dcaf-iinite.

= Indicatca marriage.

Fig. 5.—The FiiUerton family of Hebron, N. Y.

The FitUerton famlli/j of Hebron^ N', Y. (Fig. 5).—Sayles Works, born 1806 (a presumed con-

genital deaf-innte of tlie ^ew York Institution), married Jane Fallerton, born 180G (a congenital

deat-inute educated in the same institution), who had sis brothers and sisters deaf and dumb.

All of their six children were deaf and dumb. There were thus fourteen deaf-mutes in this family.

I have uo information coucerninc: the descendants.

O Indicates a hearing person,

^ Indicates a deaf-mute.

z= Indicates marriage.

[-HarrisoTt)7n)

(Amolrl) {Wi/ckoff) CmUiams.)

^=0 4=© i=«

Q-^OO ^Ti
fjVtf infomuxbioiv
concerning the
desccntlants)

Fig. G.—A fiiniily iudiijil.-d in the 1S54 repoil iit the Xew York inatitutioE.

A remarl-nhle family reported from the New York IiisfUution for the Deaf and Dumb.—The

particulars of this family, as gleaned from the 1854 report of the New York Institution, are shown

in the above diagram {Fig. G): As the descent is in the feniale line, this genealogical table could

not have been made had it not been for the fact that the New York report gives the names of the

husbands and wives of some of the pu))ils.
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'L 'he Allen Family,

ofnaTtfonl]Me.

il'jftfvfn- other rflaiivvs dtutf and dujrjj.

o • o •=« ••••a»9«ooo
IlKBl'XX'A Amjcn, utlinitteil to Aini'i'i<-;iii A.s.vlniii in IH-j:). :iir,.|l -ji years.

She is rcconli'.d U8 hiiviiiL; "two brolhcrs. two sisters, anil eleven other

relatives tleal" ivud (liiinl)."' and to have " married a deaf-mute."

The TJovejoy Famib/,

of Fayette, Me.
The Lmejatj Family,

of Sidney,Me
TheLmi^ay Family,

ofCoward,KU.

The Lovi-:joY8 oi'Kuw Uampshire are hero grouped with the LoviiJOTS

of Maine, although we have no certain evidence that they are connected.

The Bowe Famibf,

of^ew Gloucester, ^Jle.

[7 deaf-DtuU^ in a family . 5 married to deaf-mutes)^^^^i^^^j^^
The Curtis Family,

of l,eeds, Mt-

5 deaf-mutes irvihe family\
4: viarried to deaf-mut^s. j

The Jloffers Family,

of t'reeportfMji.
9

^n
fl-TT

The Wakefield Family,

of 6ar&itr,'Me.

(other relatives.^ ,

• e • 4 • T^
Ef^lHEK 'VAKKriKT.Ii. ailliiittetl lr:*4c,

aged 11 years; had oiu' sister, (iiil-

miclc, thrci? cousins, ami other rela-

tives (leaf and diind*.

"

The Small FamUy,

of West l)aTwille,Me.

ll
{ Sevrn rclal'wes

deaf and d^arib)

o«oe«e<

The Seidfrs Family,

of Waldoiora.We.

6

T^
E.mma Si:u>Kt.s. aihnitled I?r.'.8. ai:ed

il yeiiii* ; hail ' om- sisti-r, «u»- hrotlicr.

one imeie, one <-ouK)n, di'al'nnd dumb."

7%^ WiUiamson FairdUf,

of^orthport,Me.

•^ Ti
ElTA J. ^11,UAMSU-N. admitted 1859,

aged 11 years: liad "iwd Tuiclra and
three cnusius deaf and dundi." and she
married a deaf-mute.

The Jack Family,

ofi/ac/Cgoftf Me .

iT
in
1

Dl'.nkak Jack, admitted lr08,

a;:e4l 8 >tr; had 'two brothers,
two luicles. and two cousins
deaf and dmah."

S. Mis. 110-
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A group of deaf-mute famiUen from Maine.—Members of the deaf-mute families shown in Fig.

7 have been admitted into the American Asylum at Hartford. Conn. There is no record showing:

any relationsliip between the families, but their close proximity to one another is extremely sug-

gestive. The fact that there are four generations of deafmutes in the Lovejoy family suggests

the idea that some of the otlicr families may perhaps be descended from it through the female line.

Whatever the explanation, it is at all events, remarkable that so many large deaf-mute families

should have originated in snuill places within a few miles of one another.

It must not be supposed that I have attempted to give an exhaustive list of the large deaf-

mute families. I have simply given specimen cases to prove that in many different parts ot the

country deafness has been transmitted by hexeditj'. There are many more large families known

to me which are not alluded to above.



Chapter V.

UPON THE GROWTH OF THE DEAF-MUTE POl'ULATION.

The full letunis of the 1880 census, so far as regards the deaf and dnnih, have not yet been

publislied ; but, as stated before, liev. Frederick H. Wines, who had charge of this department of

the census, presented to the tenth convention of American instructors of the deaf and dumb the

results of an ^analysis of L':i,47li cases of deaf-mutes reported in the census returns. The tables

I)resented by Mr. Wines have been reproduced in the Appendix. (See Tables N, (), I', Q.)

It will be observed that the cases are classified according to the period when deafness occurred

and according to the cause of deafness (whether congenital or not). I have rearranged these cases

into decades, so as to corresjiond with the classiiication of the pupils of the American Asylum

and Illinois Institution, and have represented the results graphically in the following diagram:

aoo



212 MEMOIRS OF THE NATIONAL ACADEMY OF SOIBNOES.

The ordinates of the ciuves represent, respectively, the number of congenital and non-con-

genitiil deaf-mutes who became deaf in the decades indicated by the abscissje. In the case of the

congenital deaf-mutes the ordinates also represent the number who were born in the decades given,

but this is not true of the uon-cougeuitals. It will be observed that the number of deaf-mutes re-

turned who became deaf in the last decade, 1871-'80, is less than the number who became deaf in

the preceding decade. This does not necessarily mean that the number actually was less, but more

probably indicates that the returns for the last decade are imperfect. Mr. Wines says that "In

proi)ortion to the degree of their youth the younger deaf-mutes are not enumerated. Fewer deaf-

mutes who are babes in arms are enumerated than at the age of three years, and fewer at three

years than at seven. The apparent maximum at seven is not the actual maximum ;
the actual

maximum is at some younger age not yet ascertained."

In the above diagram those portions of the curves that are believed to be unreliable from this

cause are indicated by dotted lines.

It will be observed that among the older deaf mutes the congenitals are more numerous than

the noTi-congenitals ; whereas among the younger the reverse appears to be the case. There is no

apparent diminution in the numbers of the cougenitally deaf born of late years; and the reversal

of the relation between the two classes must be attributed to an abnormal increase iu the number

of those who became deaf from disease or accident. It looks as if a wave of deafness-producing

disease had swept over the continent about the time of the late civil war.

80



THE FORMATION OF A DEAF VARIETY OF THE HUMAN RACE. 213

There are indications also of a similar though less disturbance inthe numbers of those who

lost their hearing from disease during the decade 1811 to 1820. An examination of the reports of

the American Asylum and Illinois institution may throw light upon the nature of these disturb-

ances. By classifying the pupils of these institutions according to their period of birth, we obtain

the results that are<exhibited graphically in the foregoing diagram (Fig, 9).

The apparent decrease in the number of pupils 'born in the last two decades is susceptible of

simple explanation. Very few pupils are received into institutions for the deaf and dumb'before

they are ten or twelve years of age, while it is not uncommon for pupils to be admitted at twenly^

or twenty-five years of age or even older.

A pupil born in the year 18G9 would only be 13 years of age in 1882 (the date of the Illinois

report). It is evident, therefore, that of those deaf mutes who were born in 'the decade 1860 to

1801) who will ultimately make their appearance in the Illinois institution all had not been received

at the date of the report.

A similar explanation can be given in the case of the American Asylum. The dotted lines

indicate those portions of the curves which are known to be inaccurate on this account.

In regard to the American Asylum the abnormal increase in the number of pupils who became
deaf from disease or accident who were born during the decade 1810-'19 is very marked. Another
abnormal increase is observable in the number of those who became deaf in the decade 1860-'69.

Indeed, the relations of the congenital and non-congenital deaf-mutes are reversed in a similar

manner to that shown in Fig. 8. In regard to the Illinois pupils (see Fig. 9) it will be observed

that the increase in the numbers of the nou-congenitally deaf is so enormous, that of the pupils who
were born in the decade 1860-'69 there were more than three times as many non-conaenitally deaf

as there were congenitally deaf, and of those born iu 1870-'79 more than four times, whereas the

census retui'us show that more than half of all the deaf-mutes living in this country (1880) were
born deaf.

In the reports of the American Asylum and Illinois institutions the year when each pupil was
admitted and his age when admitted are noted, with few exceptions. From these elements the

period of birth has been calculated. The period when hearing was lost has also been ascertained

iu all cases where the age of the pupil when deafness occurred is stated in the report.

In tables K and L of the Appendix the non-congenital pupils of both institutions are class-

itied according to the period when hearing was lost and according to the disease that caused

deafness. In regard to the Illinois report it is unfortunately the case that the age of the pupil

when deafness occurred is not stated in 327 cases out of 947, so that we are only able to classify

about two-thirds of the cases in this way. The results are shown graphically in the upper dia-

grams of Fig. 10.

From the tables in the Appendix we have clear evidences of two epidemics of "spotted fever "•

or epidemic cerebrospinal meningitis. One epidemic during the decade 1810 to 1819, reaching a
maximum in the year 1815, and the other (a great epidemic) iu the decade 18C0 to 1809, continuing

in the last decade, 1870 to 1879.

The pupils who became deaf from cerebro-spinal meningitis and from scarlet fever are clas-

sified according to the period when deafness occurred in the lower diagrams of Fig. 10.

The numbers of the nim-congmitaUij deaf are evidently subject to great and sudden fluctuations on

account of epidemicaJ diseases which cause'deafness, whereas the growth of the congenitally-deafpopula-

tioti seems to be much more regular.

•According to Dr. Kussell Reynolds "spotted fever" is a popular name for epidemic cerebro-spinal meningitis.

See "A System of Medicine," 18H0, Vol. I, pp. 296-7.
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so
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In Table T of the Appendix I liave classified 215 cases of deaf-mutes who are the offspiins'

of de;if iiintes according to their i>eri()d of birth, separating those who have one parent deaf from

those wlio Juive both. The results are shown graphically in Fig. 11.

16
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In Table U of the Ai)i)eii(lix I bave classified the people of the United States according to the

decades in wliich they were born, and have rednced the number born in each decade to a percent-

age of the whole. In tlie same table I have classified the 12,154 congenita! deaf mntes mentioned

by Mr. Wines in a, similar manner, and also the deaf-mutes who have both parents deaf-mutea.

We can tiins examine uikjii the same scale the distribution of the three classes according to age.

The results are shown graphi(;ally in the diagram. Fig. 12.

^The ordinates represent the percentage of the whole wlio were born in the decades indicated

by the abscissa.

If we assume that the numerical relation now existing between congenital deaf-mutes and

hearing persons of the same age approximately i-epresents the proportion of the congenitally deaf

to the whole population born at the period when they were born, we have a means of comparing

the growth of the congenitally deaf population with that of the population at large.

"^The indicatiom are that the congenital deaf-mutes of tlie country are increasing at a greater rate

than the population at large; and the deaf-mute children of deaf-mutes at a greater rat^ than the con-

genital deaf-mute population.
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Lboenb.—Distribntion according to age (1) of the whole population o(

the United States, (2) of the congenital deaf mute population, and (3) of

deaf mutes who are the children of deaf mutea.

The ordinates of the cnrves represent the percentage of the whole who

were born in the decades indicated by the abscissa;.

represents population of the United States.

represents congenital deaf mutes of the United States.

represents deaf mutes who are the children of deaf

mutes.

vepresentsportion of rhcciirrcs Icnownto be unreliable

on account of incoinjilete returns.
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Chapter VI.

UPON THE CAUSES THAT DETERMINE THE SELECTION OF THE DEAF BY THE DEAF IN MARRIAC4B.

In till' preceding chapters I have shown that sexual selection is at work among the deaf and

dumb, tending to produce a deaf variety of the human race.

Those who believe as I do, that the production of a defective race of human beings would be

a great calamity to the world, will examine carefully the causes that lead to the intermarriages of

the deaf with the object of applying a remedy.

It is a signitlcant fiict that "before the deaf and dumb were educated comparatively few of

them married'';* and intermarriage (if it existed at all) was so rare as to be practically unknown.

This suggests the thought that the intermarriages of the deaf and dumb have in some way been

promoted by our methods of education. When we examine the subject from this point of view a

startling condition of affairs becomes apparent.

Indeed, if we desired to create a deaf variety of the race, and were to attempt to devise

methods which should compel deaf-mutes to marry deaf-mutes, we could not invent more complete

or more efiBcient methods than those that actually exist and which have arisen from entirely

different and far higher motives.

Let us, then, consider how we might proceed to form a race of deaf-mutes, if we desired so to do,

and let us compare the steps of the process with those that have been adopted by philanthropists

and others, from the purest and most disinterested motives, to ameliorate the condition of the

deaf and dumb. How would we commence?

1. With such an object in view, would it not be of importance to separate deaf-mutes from

hearing persons as early in life as possible and make them live together in the same place, care-

fully guarding them from the possibility of making acquaintances among hearing persons of their

own age 'J This is what we do. We take deaf children away from their homes and place them in

institutions by the hundred, keeping them there fi'om early childhood to the commencement of

adult life.

2. It would also be of importance to promote social intercourse among them in adult life, so that

the boys and girls of former years should meet again as men and women. We might, for instance,

hold periodical reunions of former pupils at the institutions. This again is what we do.

Indeed,'the grailuates of our institutions now commonly organize themselves into societies or

associations lor the promotion of social intercourse in adult life. Societies of deaf-mutes are to be

found in all large cities, and in many of the smaller ones. Rooms are hired in a central locality,

which become the rendezvous of the deaf-mutes of the neighborhood. After the business of the

day is done the deaf-mutes of the city meet together for social intercourse, and on Sundays for

public worship. Not only do local societies exist, but there are State associations for promoting

social intercourse between the deaf-mutes of a State. Periodical conventions are held in ditlerent

•See "The Causes of Deafness," by the Rev. W. W. Turner, American Aunals of the Deaf and Dumb, Vol. 1, p. 32.

S. Mis. 110 28 217
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parts of tlie State, iittendeil by (leaf-inule.s of both sexes. At these meetings they amuse them-

selves in various ways. Sometimes they hold fairs—liave theatrical representations in <lumb

show, si)ectacnlar tiibleaiix, (lancing, &c.

Not only do these State associations exist, bnt a National Association has been formed for

the jmrpose of promoting social intercourse between the scattered deaf-nuites of the country. The

Second National Convention of Deaf Alutes met only a short time ago in New York and was at-

tended by hundreds of deaf-iiuites from all parts of the United States.

3. Another method calculated to foster class-feeling among the deaf and dumb would be to

provide them with newspapers and periodicals of their own, which should make a specialty of

"personals" relating to the deaf and dumb—newspapers that should give full accounts of the deaf-

mute conventions and reunions, and keep their readers informed of the movements of deafmutes,

their marriages, deaths, &c. Quite a number of su(;h newspai)ers have come into existence.* The

majoritj' being supported by the educational institutions of the country, with the benevolent object

of teaching the deaf mutes the art of printing. These papers, I understand, are generally edited

and printed in the institutions, under the superintendence of the teachers. It was only natural

to include among the items "personals" concerning former pupils, and that former pupils of the

institution sliould take pleasure in reading them. In addition to tlie periodicals printed in the

institutions, others have appeared edited and managed by adult deaf-mutes not connected with

any institution. These latter jiapers became the organs of communication between the adult deaf-

mutes, and were affiliated with the conventions and associations above referred to.

4. The methods specified above, while they serve to facilitate social intercourse between adult

deaf-mutes, do not necessarily prevent them from also associating with hearing persons. As there

are 1,500 hearing persons for every one deaf-mute, it seems difiticult to formulate any plan which

would restrict their choice of partners in life to deaf-mutes alone or to the hearing member;^ of

deaf-mute families. Let us consider how this could be accomplished.

What more powerful or efficient means could be found than to teach the deaf-mutes to think

in a different language from that of the people at large? Tbis is wliat we do. In the majority

of our institutions for the deaf and dumb a special language is used as the vehicle of thought,

a language as different from English as French or German or Russian. The English language is

confined to the schoolroom and is simply taught as a school exercise, much as French and German

are taught in the public schools.

The deaf-mutes thinli: in the gesture language, and English is apt to remain a foreign tongue.

They can communi(!ate with liearing persons by writing, but they often write in broken English as a

foreigner would speak. They think in gestures and often translate into written English with the

idioms of the sign language. The constant practice of the sign language interferes with the mas-

tery of the English language, and it is to be feared that comparatively few of the congenitally deaf

are able to read books understandingly unless couched iu simple language. They are thus in a

great measure cut off from our literatui'e. This is another element in forcing them into each other's

society. Tiiey are aljle to understand a good deal of what they see in our daily newspapers,

especially if it concerns what interests tlicni personally, but the political speeches of the day, the

leading editorials, &c., are often heyoud their knowledge of the English language.

*These iiiuKt not be confouiKlod with tlie American Annals of the Deaf and Dumb, a Joninal of a very different

cliaracter, not intended to be read specially by deaf-mutes themselves. This journal is a (juarterly magazine devoted

to the discussion cf subjects connected with the education of the deaf and dumb, and forms the oflicial or^an of com
municatiou between teachers. It is one of the most admirably conducted special journals in existence, .and contains

within its pages almost the complete literature of the world relatinj; to the education of tlie deaf and dumb.
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5. AnotlRT iiu'tliod ofcoiisolidiitiug' the deal' :iii(l diiiiili into a distinct class in tlic couinuuiity

would be to reduce the sioiilaiiguage to wilting-, so lliat tlie deaf-mutes would have a common
literature distinct from tbe rest of the world. Such a s])ecies of writing would coustitute a form

of ideograi)liy like the Egyptian hieroglyphics. This, J understand, has already been accom])lislied

by the late Mr. George Huttoii, of Ireland, afterwards priiu-,i|)al of the Institution for the Deaf and

Dumb in Halifax, Nova Scotia.* The full publication of his method was jjrevented by his i)rema-

ture death; but a committee was appointed by the Indianai)i)lis ('onvention of American Instruc-

tors of the Deaf and Dund), to a(;t in conjunction with his successor and son, Mr. J. Scott Hutton,

to attempt tbe recovery of the system from the posthumous papers of Mr. George Huttou. I have

not yet seen the report of the committee.

6. Another and very powerful method of obstructing intercourse with hearing persons and

compelling deaf-mutes to associate exclusively with one another would be to disseminate througli-

out the community incorrect ideas concerning the deaf and dumb, so that people should avoid and

even fear them. The growth of erroneous ideas is favored by collecting deafmutes into institu-

tions away from public observation. People rarely see a deaf-mute, and their information con-

cerning tliem is chieHy derived from books and periodicals.

Whatever the cause, it is certainly the case that adult deaf-mutes are sometimes lianipered by

the instinctive prejudices of hearing persons with whom they desire to have business or social re-

lations. Many persons have the idea they are dangerous, morose, ill-tempered, &c. Then again

people do not understand the mental condition of a persou who cannot speak and who thinks in

gestures. He is sometimes looked upon as a sort of monstrosity, to be stared at and avoided.

His gesticulations excite surprise and even sometimes alarm in ignorant minds. In connection

with this subject I may say that as lately as 1857 a deaf-mute was shot dead in Alabama by a

man who was alarmed by his gestures. t In fact fallacies concerning the deaf and dumb are so

common as to touch us all and to suggest the advisability of seriously examining the fundamental

ideas we hold concerning them.

I have elsewhere discussed the subject of " Fallacies concerning the deaf and the influence

of these fallacies in iirev^enting the amelioration of their condition," and shall not therefore en-

large upon the subject here. I shall simply give ;i few of the conclusions at which I arrived in the

paper referred to.l

"1. Those whom we term 'deaf mutes' have no other natural defect than that of deafness.

They are simjjly persons who are deaffrom childhood, and many of them are only ' hard of hearing.'

";i. Deaf children are dumb not on account of lack of hearing, but of lack of instruction. No

one teaches them to speak.

"3. A gesture-language is developed by a deaf child at home, not because it is the only form

of language that is natural to one in his condition, but because his parents and friends neglect to

use the English language in his presence in a cleaily visible form.

"4. («) The sign-language of our institutions is an artificial and conventional language derived

from pantomime.

"(6) So far from being natural either to deaf or hearing persons, it is not understood by deaf

children on their entrance to an institution. Nor do hearing persons become sufficiently familiar

*See Mr. Hutton's article "Upon the Practicability aud Advautages of Mimography," Americau Annals of the

Deaf anil Dumb, vol. xiv, pp. 157-182.

t See American Annals of the Deaf ami Dumb, Vol. x, p. IIG.

t See Bulletin Philos.)phical Society of Washington, D. C, October '27, ISri'-i; also American Auuals of the Deaf and

Dumb, January, 1884.
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with the language to be tliorouglily qualified as teachers until after oue or more years' residence

in an institution for the deaf and dumb.

"((•) The practice of the sign-language hinders the ac(juisition of the English language.

"(d) It makes deaf-nnites associate together in adult life, and avoid the society of hearing

people.

" (e) It thus causes the iutermarriage of deaf-mutes and the propagation of their physical defect.

"5. Written words c^an be associated directly with the ideas they express, without the inter-

vention of signs, and written English can be taught to deaf cliiklrcn by usage so as to become

their vernacular.

"6. A language can only be made vernacular by constant use as a means of communication,

without translation.

"7. Deaf children who are familiar with the English language in either its written or spoken

forms can be taught to understand the utterances of their friends by watching the mouth.

" 8. The requisites to the art of speech-reading are :

"(a) An eye trained to distinguish quickly tliose movements of the vocal organs that are

visible (independently of the meaning of what is uttered);

" {b) A knowledge of homophenes—that is, a knowledge of those words that pi-esent the

same appearance to the eye; and,

"(c) Sufticieut familiarity with the English language to enable tlie speech-reader to judge by

context which word of a homophenoas group is the word intended by the speaker.

7. From what has been saiil above it will be seen that we have in actual operation the ele-

ments necessary to compel deaf-mutes to select as their partners in life jiersous who are familiar

with the gesture language. This practically limits their selection to deaf-mutes and to hearing

persons related to deaf-mutes. They do select such partners in marriage, and a certain propor-

tion of their children inherit their physical defect. We are on the way therefore towards the

formation of a deaf vai'iety of the human race. Time alone is necessary to accomplish the result.

If we desired such a result what more could we do to hasten the end in view? We might

attempt to formulate some plan which should lead the deaf children of deaf-mutes to marrj- one

another instead of marrying deaf-mutes who had not inherited their deafness ; or to marry hearing

persons belonging to families in which deafness is hereditary. If, for instance, a number of the

large deaf-mute families of the United States—families in which we know deafness to be heredi-

tary—were to settle in a common place so as to form a community largely composed of deaf-mutes,

then the deaf children born in the colony would be thrown into association with one anotlier and

would probably intermarry in adult life, or marry hearing persons belonging to the deaf-mute fam

dies. Though fewer iu number than the original deaf settlers, they would probably be more prolific

of deaf oft'spring; and each succeeding generation of deaf-mutes would increase the probability of the

deaf-mute element being rendered permanent by heredity. Such a result would certainly ensue

if the numbers of the deaf and dumb in the colony were constantly kept up by the immigration

of congenital deaf-mutes from outside; and if a large proportion of the hearing children born in

the colony were to leave and mingle with the outside world. Under such circumstances we might

anticipate that a very few generations would suffice for the establishment of a permanent race of

deaf-mutes with a language and literature of its own.

Plans for theformatiou of a deaf-mute community have a number of times been discussed by the

deaf-mutes themselves. The idea originated in the action of Congress in endowing the American

Asylum for Deaf-mutes at Hartford with a tract of land. Mon. Laurent Clerc, in conversation

with some of the earlier pupils of the American Asylum, remarked that it would be a good

' See speech by Laurent Clerc, "American Annals of the Deaf and Dumb," vol. x, p. 212.
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plan to sell a iiortioii of tlu' land for tlic benefit of the institution and retain the remainder as

head-tptarfcrs for the deaf and duiiil), to which they could emigrate after being educated.* This

idea took root in the minds of the pupils of the American As.ylum, and afterwards develoi)ed

into a number of independent and eccentric schemes for the formation of a deaf-mute community.

Some of the i)ui)ils before their graduation formed an agreement to emigrate to the West and

settle in a common place.*

Then a number of years afterwards a deaf-mute publicly urged the formation of a deaf-mute

commonwealth. Congress was to be petitioned to form a deaf-mute state or territory, &c. The

details, though quite impi'acticable, brought forward the fact that a number of schemes of some-

what similar character were in the minds of deaf-mutes in different parts of the country. One

deaf-mute publicly offered to contribute $5,000 towards such a scheme if others could be found to

join him. It was urged that the natural affection of the parents would lead to the distribution of

the land among their children, and that as the majority of their children could hear and speak the

laud would soon pass out of the control of the deaf-mutes themselves. This was to be remedied in

various ways—as, for instance, by legislation—so as to secure descent in the deaf mute line alone.

The American Annals of the Deaf and Dumb became the channel of communication between

the various thinkers. t The scheme that received most apjirobation was the purchase of a tract of

land by a few of the wealthy deaf-mute-', who were to agree to sell out the land in small blocks

to other deaf-mutes. The whole scheme was afterwards discussed at a convention of the deaf-

mutes of New England, and was overthrown by the influence of the Rev. W. W. Turner, Mr. Lau-

rent Clerc, and other teachers, in conjunction with the most intelligent of the deaf-mutes them-

selves. Since then the subject has not been publicly discussed, to my knowledge; but such a

scheme is still favored by individual deaf-mutes, and may therefore be revived in organized shape

at any time.f

CONCLUSION.

I think all will agree that the evidence shows a tendency to the formation of a deaf variety of

the human race in America. What I'emedial measures cau be taken to lessen or check this ten-

dency ? We shall consider the subject under two heads: (1) repressive, (2) preventive measures.

(1.) Repressive measures.—The first thought that occurs in this connection is that the intermar-

riage of deaf-mutes might be forbidden by legislative enactment. So long, however, as deaf-mutes

of both sexes coutinue to associate together in adult life, legislative interference with marriage might

only promote immorality. But, without entirely prohibiting intermarriage, might not the mar-

riages of the deaf be so regulated as to reduce the probabilities of the production of deaf offspring

to a minimum"? For instance, a law forbidding congenitally deaf persons from intermarrying

would go a long way towards checking the evil. Such a law might, however, become inoperative

ou account of the imi)ossibility of proving that a person had been born deaf.

Legislation forbidding the intermarriage of persons belonging to families containing more

than one deafmute would be more practicable. This would cover the intermarriage of hearing-

persons belonging to such families, and also the case of a consanguineous marriage in a deaf-mute

family.

In order to justify the i)assagc of such an act, however, the results of intermarriages of this

kind should be more fully investigated than is possible at the present time on account of limited

" See "Amerieau Atinals of tin^ Dfaf and Duiiili," vol. x, p. 73.

t See vol. X, j)}!. 72-30 ; l:56-UiO ;
212-21.5.

t Since this paper was read, a Europcau philanthropist has comnieuced the colonization of a tract of land in

Manitoba by deaf-mutes. I am iufornipd by a friend who resides iu 'VViuuipet; that about 24 deaf-mutes, with their

families, have already arrived from Europe anil have settled upon the land. More are expected next year.



222 MEMOIES OF THE NATIONAL ACADEMY OF SCIENCES.

data. Steps should be taken towards tlie collection of special statistics, and tlie institutions should

be urged to publish the materials in their possession. I wrote to the principals of all the institu-

tions in the country, requesting them to forward to mo such of their published reports as contained

any of the required statistics. Although my request was honored by a response from a large num-

ber of institutions, the information contained in the reports in reference to tlie subject of inquiry

was generally of the most meagre description.

Among repressive measures should perhaps be included the influence of friends to prevent

undesirable intermarriages. While such action inight ati'ect individual cases it could not greatly

influence the general result. For there is no subject on which a man will so little brook interfer-

ence as one of this kind where his affections are involved.

A due consideration of all the object ion.s renders it douhtful whether legislative interference with the

mnrriaf/e of the deaf icould he advisable.

(2.) Preventive measures.—The most promising method of lessening the evil appears to lie in

the adoption of preventive measures. In our search for such measures we should be guided by the

following principle: (1.) Determine the causes that promote intermarriages among the deaf and dumb;

and (2) remove them.

The immediate cause is undoubtedly the preference that adult deaf-mutes exhibit for the com-

panionship of deaf-mutes rather than that of hearing persons. Among the causes that contribute

to bring about this preference we may note: (1) segregation for the purposes of education, and

(2) the use, as a means of communication, of a language which is different from that of the people.

These then are two of the points that should be avoided in the adoption of preventive measures.

Nearly all the other causes I have investigated are ultimately referable to these.

Segregation really lies at the root of the whole matter; for from tbis the other causes have

themselves been evolved by the operation of the natural law of adaptation to the en\ironment.

We commence our efforts on behalf of the deaf-mute by changing his social environment.

The tendency is then towards accommodation to the new conditions. In process of time the

adaptation becomes complete; and when, at last, we restore him to the world as an adult, he finds

that the social conditions to which he has become accustomed do not exist outside of his school life.

His efforts are then directed to the restoration of these conditions with the result of intermarriage

and a tendency to the formation of a deaf-mute community.

The grand central principle that should guide us, then, in our search for preventive measures

should be the retention of the normal environment during the period of education. The natural ten-

dency towards adaptation would then co-operate with instructiou to produce accommodation to

the permanent conditions of life.

The direction of change should therefore be towards the establishment of small schools, and

the extension of the day-school plan. The practicability of any great development of day schools

will depend upon the possibility of couducting very small schools of this kind economically to the

State: for the scattered condition of the deaf and dumb in the community precludes the idea of

large day schools, excepting in the great centers of population. The principle referred to above

indicates that such schools should be of the minimum size possible; for the school that would most

perfectly fulfil the condition required would contain only one deaf child. It also points to the

advisability of coeducation with hearing children—but this is not practicable to any great extent.

No instruction can be given through the ear, and complete coeducation would only therefore be

possible by a change in the methods of teaching hearing children. It is useless to expect that such

a change would be made for the benefit of the deaf and dumb on account of their limited number.

rartial coeducation is, however, possible, for some studies are pursued in the common schools

in which information is gained through the eye. For instance, deaf-mutes could profitably enter
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the Siime classes with hearing- children for practice in writing, drawing, inapdrawing-, arithmetic

on the black-board, sewing, &c. For other subjects special methods of instruction would be nec;-

essary, and tliese demand the employment of special teachers. They do not, however, necessitate

special schools or buildings, and a small room in a public school building would accommodate as

many deaf children as one teaclier could successfully instruct. Oousiderations of economy render

advisable the approi>riation of a room of this kind, as the appliances of a large .school might thus

be obtained without special outlay.

The average jjcr capita cost of the education of a deaf child in an American institution is $223.28

per annum.* Very small day schools could be maintained at no greater cost. The cost, at an

institution, however, includes board and industrial training. On the day-school plan the parents

would generally assume the expense of maintenance, and some si)ecial provision would have to be

made for industrial training. This need give no concern, for so many deaf-mutes are earning their

livelihood by trades whicli they were not taught in the institutions as to demonstrate the practi-

cability of apprenticing deaf-mutes in ordinary shops.

The indications are that in all places where three or four deaf children could be brought to-

gether near their homes the cost would be no more to form them into a class in the nearest public

school building under a special teacher than to send them to an institution. On the basis of the

average per capita cost at an institution the sum of $669.84 would be received for three, and

$S9j.12 for four pupils ; and such sums would probably be sufficient to pay the salary of a special

teacher, as well as to cover incidental expenses.

If this is so the day-school system could be made to penetrate into the smaller centers of popu-

lation as well as into the large cities, in which case it would exert a considerable influence as a

remedial agent. The plan of forming s!i;all classes of deaf children in public school buildings

recommends itself as affording the closest approximation possible, on the large scale, to the normal

conditions of life.

Segregation during education has not only favored the tendency towards the formation of a

race of deaf-mutes, but has led to the evolution of a special language adapted for the use of such a

race—"the sign-language of the deaf and dumb." This is especially true in America where the

sign language is employed by a large majority of the teachers in instructing their pupils. In for-

eign countries the vast majority employ, for this purpose, the ordinary language of the people.

This will fully appear by reference to Table V in the Appendix.

The lack of articulate speech should also be noted as an indirect cause of segregation in adult

life, operating to separate deaf-mutes from heariug persons. Hence, instruction in articulation and

speech-reading shoidd be given to every pupil.

This is done in Germany. Indeed, in 1882, more than 6.5 per cent, of all the deaf and dumb in

fm-ei^n schools were l)eing taught to speak and understand the speech of others, whereas in

America less than 9 [)er cent, were to be found in oral schools.

t

AccortMng to more recent statistics compiled by the Clarke Institution! we find that in May,

1883, about U per cent, of the deaf and dumb in American institutions were using speech in the

* See Table X in the Appendix.

t See American Aunal.'* of the Deaf and Dumb, vol. xxviii, pp. 47-(il ; also, T.able V, in the Appendix—from

which it will appear that of 7,155 AmiMicau deaf-mutes, only 584, or less than 9 per cent., were to be found in oral

schools; whereas of 19,318 deaf-mutes in foreign .schools, 1-2,G62, or more than 65 per cent., were taught to speak in

purely oral schools.

{See Appendix to Sixteenth Aunual Rep(Ut of the Clarke Institution. See, also, Table Y in the Appendix.

Complete returns were not obtained, but the cases noted number 6,i.i-i, thus ciunprebendiiig the v.ast majority of the

pui.ils under in.struction in May, 1883. Of these 88C, or 14 per cent., were under oral instruction; 1,105, or 18 per

cent., received occasional instruction in speech in sign institutions; anil 4,241 received no instruction in articulation

whatever.
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scbool-iooin as the language of (ioinmnnicatiou with their teachers; IS per cent, were taught to

speak as an accomplishment, and OS per cent, received no instruction whatever in articulation.

Nearly one-third of the teachers of the deaf and dumb in America are themselves deaf,* and

this must be considered as another el<>ment favorable to the formation of a deaf race—to be

therefore avoided.

The segregation of deaf-mutes, the use of the sign language, and the employment of deaf

tea(!hers produce an environment that is unfavorable to the cultivation of articulation and speech-

reading, and that sometimes causes the disuse of speech by speaking pupils who are only deaf.

Having shown the tendency to the formation of a deaf variety of the humau race in America,

and some of the means that should be taken to counteract it, I commend the whole subject to the

attention of scientific men.

* See American Aimals of the Deaf anil Dumb (Jannary,' 188:i), vol. xxviii, VP- 5G-57. Out of 481 teachers 154,

or 'i'Z per cent., were deaf.



APPENDIX

1. Tables A to M give au analysis of 3,726 cases of ileaf imitcs from the American Asylum

and Illinois Institution. For this analysis I am indebted t« Mr. Franck Z. Maguire, of Wash-

ington, D. C; and I have personally verified his results. The relation of the tables to one another

will be understood from the following classification:

Classijication of Tables A to K.

C ,,,, , ,. X i 1 i 1 •, ,( Rccdvded to Iiave deaf-mute relatives (see
Whose deatuess was stated to l)e coiigetiilal)

Table £)
,

(see Table B).
^ Kecorded as sporadic cases (see Table F).

Total nimiberof pupils of tbo I ,,T, -, r ^ * li i ( llcconli'd to have deaf-mute relatives (seeiiiiai uiii.iuci u.
1 .11 ..c.

.
iiiu Whose deafness was stated to be iiob-coiwh- > -r.,!,!.. <mAmerican Asylum aud nil- ; ./^i /„„„ ToIU^ r\ '. laiiliU»;.

nois Institution (see Table ""' *'^'"' ^'^"'® *"•'•
( Recorded as sporadic cases (see Table H).

A).
„, i. T. 1 J- , . ,,( Recorded to have deaf-mnte relatives (see
The cause of whose deatuess was jioj staled^ Table 11

(see Table D).
^ Recorded as sporadic cases (see Table J).

Table A gives the summation of Tables B, C, and D.

Table B gives the summation of Tables E and F.

Table C gives the summation of Tables G and H.

Table D gives the summation of Tables I and J.

In Table K the non-congenitally deaf pupils are classified according to period of birth and

according to period when deafness occurred.

In Table L the non-congenitally deaf pupils of the American Asylum are classified according

to the period when hearing was lost, and according to the diseases that caused deafness.

In Table M the non congenitally deaf pupils of the Illinois Institntion are classified according

to the period when hearing was lost, and according to the diseases that caused deafness.

2. Tables N, O, V, <i relate to the Tenth Census of the United States (1880), and give the

results of an analysis of 22,472 cases of deaf-mutes from the census returns. (See communication

by the Eev. Fred. D. Wines upon the 1880 census of the deaf and dumb
;
proceedings of the 10th

convention of American instructors of the deaf and dumb, Jacksonville, 111., August, 1882, pp.

122-128, published with the 21st biennial report of the Illinois Institution for the Deaf and Dumb.)

Table N gives au analysis of 22,472 cases of deafmutes living June 1, 1880, showing the

number who became deaf each year since the year 1770.

Table O shows the number of these deaf-mutes who became deaf each year since 1873, sepa-

rating the congenital from the non-congenital cases.

Table P classifies the 22,472 cases by periods of five years and reduces the number who became

deaf in each quinquennial period to a percentage of the whole on a basis of 10,000 cases in all.

Table Q classifies the 22,472 cases by periods of five years and separates the congenital from

the non- congenital cases.

3. Table R shows the number of deaf-mutes in the United States living June 1, 1880, arranged

according to race and sex and according to cause of deafness. The materials for this table have

S. Mis. 110 29 225
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been furnished in advance of the publication of the census returns by tlie courtesy of General

Seaton, General SuiJerintendent of the Census. (See "Science," vol. iii, p. 244; and "American

Annals of the Deaf and Dumb," vol. xxix p, 160.)

4. Table S shows («) the number of schools and institutions for the education of the deaf and

dumb in the United States, 18S3; (b) the date of opening of each institution; (c) the number of

deaf children under instruction, 1883; and (f?), the total number of pupils that have been received

into the institutions. These particulars have been obtained from the "American Annals of the

Deaf and Dumb," vol. xxix, pp. 90-1)4. The table also shows (e) the number of deaf children

whose parents were deaf-mutes who have been received into the institutions. These particulars

have been received directly from the principals or superintendents of the institutions and schools in

answer to a circular-letter of inquiry. The total number of such pupils cannot be ascertained from

the table as some of the institutions have not yet made returns.

5. Table T gives an analysis of 215 cases of deaf-mutes whose parents were deaf.

G. In Table U the total population of the country, the congenitally deaf population, and the

deaf-mutes who have both parents deaf, are .classified according to their period of birth, and the

number of persons born in each period has been reduced to a percentage of the whole.

7. Table V contains a tabular statement of the institutions of the world in 1882, showing the

methods of instruction employed. This Table is taken from the "American Annals of the Deaf

and Dumb," for January, 1883, vol. xxviii, p. 61.

8. TableW gives a list of those pupils of our institutions for the deaf and dumb who are stated

to have deaf parents. The information has been obtained directly from the principals and super-

intendents of the institutions in answer to a letter of inquiry.

9. Table X shows the per capita cost of the education of a deaf child in an American institu-

tion. This table was prepared by the principal of the Illinois Institution from materials published

in the American Annals of the Deaf and Dumb, and from other materials privately collected and

published in the Twenty-first Biennial Eeport of the Illinois Institution (1882), pp. 10-17.

10. Table T contains a tabular statement concerning the teaching of articulation in the insti-

tutions of the United States in May, 1883. The information was obtained by the principal of the

Clarke Institution, Northampton, JMass., directly from the principals of the other institutions in'

reply to a circular of inquiry. See Appendix B, Sixteenth Annual Keport of the Clarke Institu-

tion for Deaf-Mutes, September 1, 1883.

11. Appendix Z contains an examination of the marriages of the pupils of the American Asy-

lum and Illinois Institution by the light of the theory of Probabilities, with the object of determin-

ing approximately the proportion of the congenitally deaf who marry congenital deaf-mutes. This

investigation has been kindly undertaken by Prof. Simon Newcomb, to whom I am indebted for

the results obtained.
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Table K.—Non-congenital pupils.

Table li.—Non-congenital pupihi of the American Asylum, classified according to the period when

hearing was lost and according to the disease that caused deafness.

Cause of deafness.
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Table M.—Non-congenital pupiln of the Illinois Institution, classified according to the period when
hearing teas lost and according to the disease that caused deafness.

Cause of (Uafuess.

00

1

i

Cl
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Table N.—Avali/.sin of2'2,iT2 vanes of deaf-mutes from the cenxiis returns, showing the numtnr of
these (kof mutes living June 1, 1880, icho became deaf each year since the yeor' 1770.

Y.;ir.
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Table P.

—

Analysis of 22,4:1'2 cases of deaf-mutes tal-en frnm census returns, classified by periods of
five years.

[The number who became deaf in each quiuqueuuial period is reduced to a percentage of the whole on a basis of
10,000 cases in all.]

Period.
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Table S.—Institutions for the deaf and dumb in the United States, 1883.

A.—Public Institutions.

1

2

3

4
5
6
7
H

9
10
11
12
13

14
15
16
17
Irt

19
20
21
22
23
24

25
26

27
28
29
30
31

32
!
33
34
35
36

I 37

38

!

39

40
41

42

43
44
45
46

47
48

49
50

50

Name.

American Asylum
New York Institution

Pennsylvania Institution. ..

Kentucky Institution
Ohio Institution
Virginia Institution
Indiana Institution
Tennessee School
North Carolina Institution.

.

Illinois Institution

Georgia Institution
South Carolina Institution .

Missouri Institution
Louisiana Institution

Wisconsin Institution
Michigan Institution
Iowa Institution
Mississippi Institution

Texas Asylum
Columbia Institution
Alabama Institution
California Institution
Kansas Institution
Le Couteulx St. Mary's In-

stitution.

Minnesota School
Institution for Improved In-

struction.

Clarke Institution
Arkansas Institute

Maryland School
Nebraska Institute

Horace Mann School
St. Joseph's lustitute

West Virginia Institution ..

Oregon School
Institution for Colored
Colorado Institute
Erie Day-School
Chicago Day-School
Central New York Institu-

tion.

Cincinnati Day-Scbool
Western Pennsylvania In-

stitution.

Western New York Institu-

tion.

Portland Day-School
Rhode Island Scbool
Saint Louis Day-School
New England Industrial

School.
Dakota School.
Oral Branch Pennsylvania

Institution.

Scranton Oral School
New Jersey Institution

Location.

Hartford, Conn
Washington H'ts,

New York, N. Y.
Philadelphia, Pa - ..

Danville, Ky
Columbus, Ohio
Stannton, Va
Indianapolis, Ind. ..

Knoxville, Tenn
Raleigh, N.C
Jacksonville, 111

Cave Spring, Ga
Cedar Spring, S.C..
Fulton, Mo
Baton Rouge, La...
Delavan.Wis
Flint, Mich
Council Blufl's, Iowa
Jackson, Miss
Austin, Tex
Washington, D. C--
Talladega, Ala . .

.

Berkeley, Cal ....

Olathe, Kansas...
Buffalo, N.Y

Faribault, Minn

.

New York, N.Y..

Public institutions .

Northampton, Mass
Little Rock, Ark..
Frederick City,Md
Omaha, Nebr
Boston, Mass
Fordliam,N.Y
Romney, W. Va
Salem, Oregon
Baltimore, Md
Colorado Sp's, Colo
Erie, Pa
Chicago, 111

Rome.N. Y

Number of puiiils.

c3

Cincinnati, Ohio ...

Turtle Creek, Pa . .

.

Rochester, N. Y.. ..

Portland, Me
Providence, R. I .

.

Saint Louis, Mo ..

Beverly, Mass

Sioux Falls, D.T.
Philadelphia, Pa

.

Scranton, Pa.
Trenton, N.J.

1817
1818

1820
1823
1-29
1839
1844
1845
1844
1846
1846
1849
1851
1852
1-52

1854
1855
18.56

1857
1857
1860
1860
4-61

1862

1863
1867

1867
1868
1866
1869
1869
1869
1870
1-70
1872
1874
1874
1875
1875

1875
1876

1876

1876
1~77
1878
1880

1880
1881

1883
1883

c3

210
488

362
167
505
80

328
147
114
575
93
58

250
43

237
271
290
78
97
100
51
126
190
167

147
187

94
80
108
115
91

279
71
33
15
49
12
58
180

35
120

162

35
33
49
19

23
73

14

82

126
310

206
98

274
44
175
90
56
325
53
26
152
25
134
145
170
35
65
83
30
80
102
94

82
108

49
47
60
74
41

125
41
16
8

19
9
30
111

21
79

81

17
16
32
11

14

45

7
47

6,991 13,898

84
178

156
69

231
36
153
57
48
250
40
32
98
18

103
126
120
43
32
17
21
46
88
73

65
79

45
33
48
41
50
154
30
17
7
30.

3
28
69

14
41

81

18
17
17
8

9
28

7
35

a

o

o

a;

a

369

298
136
407
74
312

,

118 I

104
501
85
48
199
a8

208
266
260 I

76
86
88
51

,

121
157
154

129
161

91
i

52
j

99 i

93 '

80
237
60
20
13
43 i

10
48
153

28
102

143

35
25
42
19

21
66

12
81

Admitted since the
opening of the
institution.

.2 -3

O Pi

O

174
, 2, 325

3,093 ,5,993

o

2,993

1,700
325
185
835

665
948

350

330
311

220
195
278
181
212
333
199
72
39
70

125
243

82
184

219

37
45
73
30

28
73

14
82

23
31

2,079 I
2

830 I

,

2,008 ' 2
.546

1,495

bt
a

.a .2

5 ®

O 3.

II

35
22

19

ii

bSs

t> 00

© cS

H

23, 119 83 132

58
53

21
I

"is

657
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Table S.—Institutions for the deaf and dumb in the United States, 1883—Continued.

B.

—

Denominational and Private Institutions.
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Table U.—Deaf-mute popvlation compared icith the population at large.

Period ofbiith.
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Table W.—A partial list of deaf children of deafparents.

Name. Where educated.

Horace Mann School

.

Amencan Asylum - .

.

do

Achesou, Charles American Asylum

Acheson, Dutee W New England Industrial School

Acheson, Eugene A American Asylum

Acheson, George W do .

Acheson, Pauline M
Do

Acheson, Robert —
Allard, Hattie M
Allen, Asa W
Allen, Eliza

Allen, Mabel H
Allen, Sarah

Arnold, Fanny

Arnold, Jane

Atherholt, Colonel .

Ballin, Albert

Barnard, LucretiaR

Barnes, Rosa I

Bayne, Mary E

.

^'

-do.

.do .

-do .

-do .

.do .

Kew York Institution

do

Ohio Institution

New York Institution

American Asylum

Western New York Institution.

Pennsylvanialnstitution

Belcke, Charles Illinois Institution

Berry, Francis

Bender, Caroline . - -

Bennett Mary L . .

.

Do
Bentz, Anna De H .

New England Industrial School.

New York lustitulion

Pennsylvania Institution

New York Institution

Pennsylvania Institution

Bodine, Charles Van W New York Institution .

Brasher, Fanny C Illinois Institution

.

Brown, Susan F I

American Asylum .

Brown, Thomas •1"

Brown, Thomas L do .

.do

Western New York Institution.

New York Institution

do

West Virginia Institution

do

New York Institution

Brown, Helen H
Bruner, Harry A
Bucklen. Simeon D
Backlen. Martha Ann

Burgess, W. Taylor

Burgess, Jane E ,

Burt, Harrison A
Butler, Phfebe M

I

d"

Cairne.s, William T Maryland School

Campbell, Lizzie Clarke Institution ...

.

Churchill, Anna R New York Institution

Cook, Elizabeth do

Cooper, William E
Crawford, Josephine L

Culver, Annie J

Culver, John

Culver, Heman M
Daniels, Willie E
Derby, Ira H.

Diamond, Albert

Dithorn, Mary E Pennsylvania Institution . . .

.

Driskell, Elsie A Illmois Institution

Duntz, Caroline New York Institution

Dupee, Franklin L Oral Branch Penn Institution

Edwards, Walter D Illinois lustitutiou

Edwards, Mary E
Felton, John

Genet, William F
George, DudleyW

j

Columbia Institution - -

Getman,Ida New York Institution

Minnesota School

do

American Asylum

do

do

New England Industrial School

American Asylum

Le Couteaux St. Mary's Institution.

.do .

Wisconsin Institution .

New York Institution

1864

1881

1870

1864

1872

1878

18G9

1871

1845

1849

1881

1843

1835

1833

1851

1868

1878

1879

1883

1859

1875

1882

1869

1867

1882

1865

1822

1851

1855

1876

1842

1838

1878

1880

1863

1878

1881

1877

1858

1851

1863

1879

1878

1883

1881

1882

1861

1867

1859

1867

1855

1882

1864

1867

1869

1859

1871

1874

Remarks.

Both parents deaf-mutes.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Father a deaf-uiute.

Both parents deaf-mutes.

Mother a deafmute.

Do.

Mother a deaf-mute.

Father a deafmute.

Both parents deaf-mutes.

Do.

Do.

Do.

Do.

Father partially deaf.

Both parents deaf-mutes.

Do.

Do.

Both patents "hard of hear-

ing."

Do.

Father a deaf-mute.

Do.

Both parents deafmutes.

Mother a deaf-mute.

Mother somewhat deaf.

Father a deaf-mute.

Do.

Both parents deaf-mutes.

Do.

Mother partially deaf..

Father deaf in one ear.

Both parents deaf.mutes.

Mother partially deaf.

Father " hard of hearing."

Both parents deaf-mutes.

Both parents slightly deaf.

Mother somewhat deaf.

Both parents deaf.mutes.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Father deaf in one ear.

Mother slightly deaf.

Both parents deaf-mutes.

Do.

Mother a deafmute.

Both parents deafmutes.

Do.

Do.
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Table W.—A partial list of deaf children of deaf parents—^ContinuecL

Name.

Gloyne, Mary

Goodness, Ales

Halm, Maximilian

Hall. William Franklin...

Hall, Florilla

Hennricks, Henry

Hine, James

nines, William W
Hold, Edwiu

Hord.Mary E
Howell. Wallace ¥
Howell, William L ,.

Housel, Helen Estelle ...

Jones, Florence Harriet .

Kershner, Job n M
Kershner, Emma R
Kindred. Maria J ,

Kindred, Elizabeth

Kingaley, Isabella

Kofifman, Abey

Koffman, Samuel .

Kofifman, Lewis

Laird, James F
Laird, Elizabeth I

Laister, Eleanor Jane—
Lancaster, Lucas C

Lloyd, John, jr

Lovejoy, Benjamin

Lovejoy, Hartwell

Lovejoy, Sarah

Lovejoy, Emma
Lovejoy, Erastiis

Lovejdy, Abigail

Lovejoy, LydiaA
Lovejoy, Hat'ie M
Lovejoy, Roscoe P
Marab, Catharine I?

Marsh, Paulina X
Marsh, Jonathan F
Marshall, George W
Marshall, Benjamin F
Mar.shall, Edith H
Marshall, Gilbert F

ilarshall, Leslie G
Mayhew, Benjamin

Mayhew, Jared

Mayo, Hawes

McClave, Robert

McClurg. DrucillaH- ...

McGi'egor, Bessie

McLaughlin, Amanda ...

Meacham, Mary O
Meacham, Marcellia A ..

Meacham, George

Meacham, Allen B

Where educated.

New York Institution

Wisconsin Institution

New York Institution

do

Western New York Institution

Minnesota School ,

American Asylum ,

Ohio Institution

Missouri Institution

do

New York Institution
,

do

do

do

Pennsylvania Institution

do

Illinois Institution

do

American Asylum

New York Institution ,

do

do

Pennsylvania Institution

do

New York Institution

do

do

American Asylum

do

.do .

do .

do .

.do .

do .

-do.

New England Indu.strial SchooL

American Asylum

do

do

Hlinois Institution

do

American Asylum

do

do

do

.... do

.... do

Ohio Institution

Pennsylvania Institution

Ohio Institution

Western New York Institution

American Asylum

, do

do-.

.... do

Minnesota SchoolMeade, Margaret

Metrasb, Robert L.G American Asylum
Munson, Lizzie New York Institution .

Ormaby, Edward E
;
New York Institution .

Park.JamesM
: Columbia Institution ..

I>o Ohio Institution
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Table W.—A partial IM of (Jeaf children of deafparenU—Continued.

Name.

Pier. John W
Place, Larissa

Pimm, Joshua R
Pimm, Rachel A
Pimm, Martha

Pimm, Charles Augustus

Purvis, James H -

Purvis. Amanda J

Purvis, Kate L

Purvis, Mary

Purvis, Mary A
Purvis, Timothy

Purvis, James M --

Riy:j;s, Charles A
Ramsey, Auu E

Redmond, Henry

Richardson, George E
Risley, Luman L

Risley, Chiirles E
Roberts, John James

Rogers, Jane I

Rogers, William H
Rogers, David S

Do
Rogers, Laura A
Rogers, ClaraA
Rogers, Nettie S., daughter of Wm. H. Rogers

Sawhill, Collins S

Do

Do
Sawhill, Isaac H

Do

Sawhill, .Tesse V
Sawhill, William L
Sawhill, Lavinia A
Schroeder, Anthony

Scovel, Harriet E

Scovel, Steven

Scovel, Olive

Shannon, William

Skelsy, John

Stevenson, Charles W
Do

Stevenson, Georgiana

Stiles. Penniah Anna

Strattou. Sarah C

Slrattou, .James Wells

Straw, Mary

Suart, Emma M
Suart, Mabel C

Sutton, Ross P
Swett, Persis H
Swett, Charlotte E

j

do

Swett, Mitchel do

Swett, Lucy Maria

Sweet, Margaret S

T.ate, Margaret

Taylor, Anna R
Townseud, Albert M
Turoer, Lucy M
Van Kirk, Joseph S

Where educated.

Ohio Institution

New York Institution

.... do

do ,

.... do

do

Columbia Institution

Pennsylvania Institution -.

do

do

do

do

.... do

American Asylum

Pennsylvania Institution .

.

New York Institution

Clarke Institution

New York Institution

do

do

South Carolina Institution

.

do

do

Columbia Institution

South Carolina Institution .

do

do

Columbia Institution

Ohio Institution

Penn.sylvania Institution .

.

Ohio Institution

Columbia Institution

Ohio Institution

, do

do

Minnesota School

American Asylum

do

do

New York Institution

do

Columbia Institution

Mar^liind School,

Columbia Institution

New York Institution

Peun,sylvania Institution .

.

New York Institution

Ohio Institution

Illinois Institution

do

Ohio Institution

American Asylum

Clarke Institution

American Asylum

Missouri Institution

American Asylum

Illinois Institution ..

American Asylum

Pennsylvania Institution .

1876

1863

1858

1861

1864

1867

1863

1865

1870

1872

1871

1872

188U

1878

1849

1883

1880

185G

1870

1877

1855

1858

1860

1868

1807

1869

1880

1878

1871

1869

1870

1878

1871

187.-!

1876

1877

1818

1838

1838

1870

1855

1863

1868

1863

1868

1857

1874

1869

1883

1883

1883

1863

1S72

1873

1882

1875

1870

1851

1873

1864

1850

8

14

9

11

13

m
16

12

12

13

11

9

11

10

12

7

6

13

6

8

9

10

11

17

10

10

7

21

14

12

12

20

9

10

8

10

14

25

13

12

15

12

14

9

11

12

7

12

12

11

10

U
u
11

18

9

(!)

13

i

^^

15

11

Remarks.

Both parents deaf-mutes.

Father a deaf-mute.
"

Both parents deaf-mutes.

Do.

Do.

Do.

Do.

Do.

Do,

Do.

Do.

Do.

Do.

Do.

Mother a deaf-mute.

Both parents deaf-mutes.

Mother partially deaf.

Both jiarents deat-rautes.

Do.

Father deaf in one ear.

Both parents deaf.mutes.

Do.

Do.

Bo.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Father very deaf.

Father a deaf-mute.

Do.

Do.

Mother "hard of hearing.

Mother becoming deaf.

Both parents deaf.niutes.

Do.

Do.

Father a little deaf.

Mother a deaf-mute.

Both iiareuts deaf.mutes.

Father a deaf.mute.

Mother partiiiUy deaf.

Do.

Both parents deaf.mutes.

Do.

Do.

Do.

Do.

Do.

Mother a deaf-mute.

Do.

Both parents deaf-mutes.

Do.

Do.
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Table W.—A partial list of deaf children of deafparents—Continued.

Name. Whore educated.

Pennsylvania Institution.

do

Illinois Institution

California Institution

New York Institution

Illinois Institution

Maryland School

Anierii-an Asylum

do

do

do

Wisconsin Institution—
do

Tan Kirk. John

Van Kirk, Charles H
Vaughn, EmilyW
"Watson, Frederick W
Webster. Joseph

Wells, Anna E
Wells, Helen D
West, Rebecca T
West, George

West, Benjamin B
West, Deidama J

Wildfang, Daniel

Wildfang, Addie

Williams, Laura
|

New York Institution

Williams, Elizabeth
j

do

Williams, Harriet ' do

Weidt, William Louisiana Institution

Weidt, A I do

Weidt, Annie do

Wise, George A New England Industrial School .

Wise, Lottie do

Wolpert, David H
Woolever, Margaret Ann
Worcester, Ira E
Works, Williams

Works, Martha Jane

Works, Mary Ann
Works, Charles H
Whittington, Louis

Wyncoop, Cora A
Wyncoop, Frederick

Zimmerman, Alice - ;

Zimmerman, Jennie

Colorado Institution

New York Institution

American Asylum

New York Institution

do

do

do

Columbia Institution

New York Institution

Western New York Institution ,

Maryland School

do
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Table X.

—

ShowUirj per eapUa cost for the education of a deaf chili in an American institution.

Name of institution.

American Asylum, Hartford, Conn

New York Institution, New York City

Pennsylvania lustitntion

Ivt-ntiifky Institution

Ohio Institution

Virginia Institution *

Indiana Institution

Tenuessee Institution

North Carolina Institution

Illinois Institution

Georgia Institution

South Carolina Institution

Iowa Institution

Wisconsin Institution

Micliigan Institution

Mississippi Institution.

Columbia Institution (including the National College)

Alabama Institution

Calllornia Institution i

Missouri Institution

Kansas Institution
J

Le Couleaus St. Mary's*

Minnesota Institution

Improved Instruction Institution, New York

Clarke Institution, Massachusetts

Arkansas Institution

Maryland Institution

St. Joseph's Institution*.

West Virginia Institution

Oregon Institution

Colorado Institution.

Central New York Institution

Western Pennsylvania Institution.

Western New York Institution

Number of pupils
Dec. 1, 1881.
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APPENDIX Z.

The following table, combining all the cases of marriage recorded in Tables A to J, was sub-

mitted to Prof. Simon Newcomb for his opinion regarding the number of congenital deaf-mutes

who had married congenital deaf-mutes. The Reports of the American Asylum and Illinois Insti-

tution give no information bearing on this point ; but it seemed possible to determine the proba-

bilities from the data given in the table, especially as the intermarriages, in a large proportion of

cases, undoubtedly occurred between deaf-mutes who had been educated in the same Institution,

and who were therefore both included in the table

:

Cause of deafucss.
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might be allowed to suppose that the marriages reported were divided according to this ratio, rather than according

to the apjiroximate ratio of eqnalitj' found in the asylum. But we should consider that this surplus of non-con-

genital deaf would indicate a class who associate principally with hearing persous, and who would, therefore, be less

likely to marry deaf-mutes than others would. I think, therefore, that under the circumstances, we should regard

the ratio given by statistics of the institution as the most probable one. Of course the reason for this is strengthened

if, as you intimate, a large x>roi)ortion of the statistics may be mutual. Allowing for a probable slight tendency of the

two classes congenital and non-congenital to choose each other, I think the most probable conclusion would be this:

Of the congenital deaf one-half married congenital and one-half non-congenital deaf.

Of the non-congenital three-sevenths married congenital deaf a.ni\ four-seventlts non-congenital deaf.

And I consider these results sufficiently probable to form the basis of conclusions in cases where slight changes

in the numbers would not change the general result.

If you wish your tal)le returned please inform me.

Yours, very truly,

S. NEWCOMB.

Washington, D, C, May 26, 1884.

Dear Mr. Bell: The remarkable agreement between the ratio of congenital and non-congenital cases in the

census reports, and in the numbers married, affords a strong confirmation of the probable soundness of the conclusion

I indicated to you. The small discrepancy to which you allude probably arose from the twenty-five " not stated"

cases. I return you the tables.

Yours, very truly,
*

S. NEWCOMB.
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